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[57] ABSTRACT 

There is disclosed a * catalytic converter substrate 
formed of two smooth foil strips and one corrugated foil 
strip arranged and folded together so that alternate 
folds of each of the smooth foil strips have spaced sides 
and juxtaposed abutting ^des and interieave with those 
of the other smooth foil strip and so that all of the folds 
of the corrugated foil strip have spaced sides that sand- 
wich the folds with juxtaposed abutting sides of both 
the smooth foil strips so as to define passages therebe- 
tween and whereby all the strips are adapted to be re- 
tained together against telescoping by engaging retain- 
ing means at the opposite ends of all of their folds. 

3 Claims, 4 Drawing Fignres 
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juxtaposed abutting sides and interleave with those of 
CATALYTIC CONVERTER SUBSTRATE the other smooth foil strip. On the other hand, all of the 

folds of the corrugated foil strip have spaced sides that 
TECHNICAL FIELD sandwich the folds with juxtaposed abutting sides of 

This invention relates to catalytic converters and ^ both the smooth foU strips so as to define passages there- 
more particularly to those with a catalyst coated metal between and whereby aU the stnps are adapted to be 
substrate formed of smooth and corrugated foil strips. retained together agamst telescopmg by engaging the 

retaining means at the opposite ends of all of their folds 
BACKGROUND OF THE INVENTION ^hUc being foldable so as to conform to a prescribed 

In the manufacture of catalytic converters used to cross-sectional profile such as the low profile oval shape 
eliminate the undesirable constituents in combustion desired for underfloor vehicle use. 
engine exhaust gases, it is currently common practice as The thus folded foil strip substrate is retained by a 
an alternative to bedded ceramic beads to employ a sheet metal retainer preferably comprising a pair of 
ceramic monolith or substrate that is coated with a identical shells which conjointly exactly conform about 
catalyst and contained in a sheet metal housing through their interior to the desired sul^trate cross-section pro- 
which the exhaust gases are directed. The ceramic is file whereas the free folded height of the thus combined 
both frangible and has a much lower coefficient of ex- strips is made oversize. A substantial compressive load 
passion than the sheet metal forming the housing and as is thus applied to the folded strips crosswise thereof by 
a result, an arrangement is required that will both sup- clamping action of the retainer shdls when they are 
port and maintain sealed integrity of the ceramic mono- ^ forced together and affixed along abutting longitudinal 
lith without fracture thereof m the harsh vibratory and edges by welding. Wth such joining of the retainer 
temperature environment of the engine exhaust system. shdls, the folded strips are thereafter positively held in 
Moreover, the ceramic monolith is normally formed by the desired cross-sectional profile and are also friction- 
extrusion through a die and as a result a new die is jjgijj together against telescoping by the thus re- 
required for every cross-sectional change. ^ taincd compressive load Moreover, the retainer shells 

Honeycomb substrates formed of foil strips have been provided with an inwardly projecting flange at and 

proposed in avoidance of such problems; however, they ^^^^^ opposite ends which extends over the ends 
are typically deficient in some respect and/or pr^t ^^^^ ^ positively prevent any longitudinal 

their own problems from a manirfactim^ movement between the foil strips and the retainer, 

tional standpomt. For exan^)le. it is known to form the 30 ^ aM>reciated that the above novel ar- 

honeycomb substrate by spn^ly wmding stnps of g^^nt permits use of the afore-mentioned whisker- 

smoodi and corrugated foQ but thereresults prob- ^^^^ ^.^^^^ requiring welding together of the 
lem of rdative telescopmg or^^^ foil layers and the rating containeriz^ preloaded 

which rf>rato the catalyst ^tth such mi a^^^ whisk^-covered metal sub^Lte need only be coated 

it IS difficult to mamtam the mtegnty of the metal sub- 35 . ^ , . « i _^ l /> v-: 

strata without some form of me^4:al strengthening -"^h a suitable ca^yst as a final ^ ^rforebemg 
or bonding of the layers. Then there remains anoth^ mounted m a smtable converter housmg or otherwise 
major problem of allowing design flexibiUty in the tor use. , . , ^ , . ' . 

shie of the metal layered subs^te cross-s^tion to J^^ ^Hx^ obje<^ advantages and featurfof 
meeT various space allocations while maintaining a 40 the present mvention moU beco^ 
curved profile for housing strength reasons. This is followmg descnption and drawmg m which: 

particularly important in meeting certain vehicle under- DESCRIPTION OF THE DRAWING 

flow space requirements where a low profile pross-sec- . . . . , . • 

tion of for example oval sh^ is desired over a dicular FIG. 1 is a perspective view wi^ the top housmg 
one which requires a larger height for the same area. 45 shdl exploded away of a catalytic converter con- 
Moreover, there is the difficulty and expense of manu- structed accordmg to the present mvention. 
facture in completely forming a metal layered substrate HG. 2 is an enlarged cross-sectional view and with 
so as to be suitable for a final step of applying the cata- Parts broken away of the convert^- m FIG. 1. 
lyst coating. For example, a whisker-covered metal foil PIG. 3 is an enlarged view of the longitudinal edge 
has been developed that is ideally suited to retain a 50 construction of the substrate container in FIG. 2. 
catalyst coating as disclosed in U.S. Pat Nos. 4,318,828 PIG. 4 is an enlarged end view showing the folding of 
and 4,331.631 assigned to the assignee of the present the foU strips in the construction of the foil strip sub- 
invention. However, the whiskers on such foil are metal strate in the converter in FIG. 1. 
oxide growths and as a result, form both a metallurgical Referring to the drawing, tiiere is shown a catalytic 
and mechanical barrier preventing intimate contact 55 converter constructed accordmg to the present inven- 
between the base metal of adjacent layers of the foil and tion and intended for use in eliminating the undesirable 
thereby their strong fusion welding which is normally constituents in internal combustion engine exhaust 
necessary to form a suitable honeycomb substrate for gases. The catalytic converter U particularly adapted 
the catalyst with a low profile cross-section of oval shape for under- 

60 floor installation in an automobile exhaust system and 
SUMMARY OF THE INVENTION generally comprises a housing 10 enclosing a retainer 

The present invention solves such problems and is a and monolith assembly 12 as seen m FIGS. 1 and 2. The 
substantial departure from the conventional method of housing 10 comprises a pair of identical sheet metal 
winding foil to form the substrate. According to the shells 14 having semi-cylindrical end sections 16 and an 
present invention, the substrate is constructed of two 65 intermediately located semi-oval section 18. The hous- 
smooth foil strips and one corrugated foil strip which ing shells' semi-oval sections 18 conjointiy conform to 
are arranged and folded together so that alternate folds the periphery of the monolith retainer 20 of assembly 12 
of each of the smooth foil strips have spaced sides and so as to receive same in direct contact while the semi- 
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cylindrical end sections 16 cooperate to define cylindri- 
cal inlet and outlet openings at opposite ends of the 
monolith 22 of assembly 12 adapting the converter for 
connection in an engine's exhaust pipe system (not 
shown). In addition, the housing shdls 14 are formed 5 
midway of their oval section 18 with an internal semi- 
annular groove 24 which is adapted to receive a split 
ring seal 26 e^ctending about the middle of the monolith 
retainer. The seal 26 is made of resilient heat expandable 
intumescent material such as that supplied under the 10 
tradename Interam by Technical Ceramics Products 
Division, 3M Company. The housing shells 14 are 
formed aJong their edge on each side with an outwardly 
projecting flange 28 extending from one end to the 
other so that when the housing shells are forced to- 15 
gether about the retainer and monolith assembly 12, 
these flanges mate and then may be sealingly secured to 
complete the converter assembly. For purposes of pro- 
cessing, the mating flanges 28 are initially held together 
by a plurality of spot welds whereafter iey are penna- 20 
nently fixed and sealed along their entire length by an 
edge weld 32. 

The retainer 20 comprises a pair of identical sheet 
metal shells 34 while the monolith or substrate 22 which 
is retained thereby as disclosed in more detail later, is 25 
constructed of three folded foil str^)S 36, 38 and 40 as 
best seen in FIG. 4. 

Preferably, the foil used in the construction of the 
strips 36, 38 and 40 is whisker-covered metal foil which 
has been found to be ideally suited to retain a catalyst 30 
coating as disclosed in the afore-mentioned U.S. Pat. 
Nos. 4318,828 and 4,331,631 assigned to the assignee of 
the present invention and which are hereby incorpo- 
rated by reference. 

The two strips 36 and 38 are plain or smooth foil and 35 
the third strip 40 is corrugated foil and these three strips 
are arranged and rectangularly folded together so that 
alternate folds 42 and 44 of each of the smooth foil strips 
have spaced rectangular sides 46 and juxtaposed abut- 
ting rectangular sides 48 and interleave with those of 40 
the other smooth foil strip. On the other hand, all of the 
folds 50 of the corrugated foil strip 40 have spaced sides ^ 
52 that sandwich the folds 44 with the juxtaposed abut- 
ting sides 48 of both the smooth foil strips so as to define 
passages 54 therebetween and whereby all the strips are 45 
adapted to be retained together agamst telescoping by 
engaging at the opposite ends of all of their folds with 
inwardly projecting flanges 58 formed on the opposite 
ends of the retamer shells 34. Furthermore, it will be 
seen that the corrugated foil strip 40 winds back and 50 
forth between the spaced sides 46 of the folds 42 of both 
the smooth foil strips 36 and 38 and is thus fidly envel- 
oped thereby. 

Moreover, the strips are foldable so as to conform to 
a prescribed cross-sectional profile such as the oval 55 
shape shown which because of its low profile is desired . 
for underfloor vehicle use- 
To this end, the resulting combined three-strip folds 
are provided with a uniform thickness (T) and length 
(L) but various widths (W) so ^ to conform to the 60 
desired oval outline or profile. The two retamer shells 
34 provided for the thus folded strips conjoindy exactly 
conform about their interior to the desired substrate 
cross-sectional profile whereas the free or imloaded 
stack height of the folded strips is made oversize so that 65 
a predetermined compressive load is applied to the 
folded strips crosswise thereof by clamping action of 
the retainer shells when they are forced to engage each 


4 

other on opposite sides along mating longitudinal edges 
62 which then are permanently joined by seam welds 64 
as seen in FIG. 3. With such joining of the retainer 
shells, the folded strips are thereafter positively retained 
by the retainer in the desired oval shape. Moreover, the 
folded strips are frictionally held together against tele- 
scoping by the thus retained compressive load and also 
in a positive mechanical way by the retainer flanges 58 
engaging the opposite ends of all of their folds 42, 44 
and 50, And thus there is no need for any form of me- 
chanical fastening or bonding together of the metal foil 
substrate layers such a by staples and welding. 

Thus, it will be appreciated that the retainer and 
monolith assembly using the whisker-covered foil may 
be completely assembled and thereafter needs only to be 
coated with a suitable catalyst as a final step before 
being mounted in the converter housing. Moreover, 
while in the preferred construction shown the retainer 
and monolith assembly serves as a subassembly or insert 
that mounts in a clam shell type housing, it is also con- 
templated that the retainer itself could serve as the 
converter housing with suitable inlet and outlet sections 
then secured to the opposite ends thereof so as to adapt 
the retainer and monolith assembly for installation in an 
exhaust system. Furthermore, it will be appreciated 
whUe the catalytic converter shown has an oval cross- 
sectional profile, the present mvention readily lends 
itself to the formation of other cross-sectional forms 
having a curved profile. For example, by simply vary- 
ing the width (W) of the folds, it can be seen that a 
substrate having an irregular as well as a circular cross- 
sectional profile can be readfly constructed. 

The above described preferred embodiment is thus 
illustrative of the invention v/indx may be modified 
within the scope of the q;>pended clainos. 

The embodiments of the invention in which an exclu- 
sive property or privilege is claimed are defined as 
follows: 

1. A catalytic converter substrate formed of folded 
foil strips prevented from telescoping by retaining 
means engaging opposite ends of their folds character- 
ized by two smooth foil strips and one corrugated foil 
str^ arranged and folded together so that alternate 
folds of each of the smooth foil stTq>s have q>aced sides 
and juxtaposed abutting sides and interleave with those 
of the other smooth foil strip and so that aU of the folds 
of the corrugated foil strip have spaced sides that sand- 
wich the folds with juxtaposed abutting sides of both 
the smooth foil strips so as to define passages ther^)e- 
tween and whereby all the strips are adapted to be re- 
tained together against telescoping by engaging the 
retaining means at the opposite ends of all of their folds. 

2. A catalytic converter substrate formed of folded 
foil strips prevented from telescoping by retaining 
means engaging opposite ends of their folds character- 
ized by two smooth foil strips and one corrugated foil 
strip arranged and folded together so that alternate 
folds of each of the smooth foil strips have spaced sides 
and juxtaposed abutting sides and interleave with those 
of the other smooth foil strip and so that the corrugated 
foil strip wmds back and forth between the spaced sides 
of both the smooth foil strips and all of the folds of the 
corrugated foil strip have spaced sides that sandwich 
the folds witii juxtaposed abuttiing sides of both the 
smooth foil strips so as to define passages therebetween 
and whereby all the strips are adapted to be retained 
together against telescoping by engaging the r^aining 
means at the opposite ends of all of then* folds. 
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3. A catalytic converter substrate formed of folded 
foil strips prevented from telescopmg by retaining 
means engaging opposite ends of their folds character- 
ized by two smooth foil strips and one corrugated foil 
strip arranged and folded together in varying widths so 
that alternate folds of each of the smooth foil strips have 
spaced sides and juxtaposed abutting sides and inter- 
leave with those of the other smooth foil strip and so 
that all of the folds of the corrugated foil strip have 


spaced sides that sandwich the folds with juxtaposed 
abutting sides of both the smooth foU strips so as to 
define passages therebetween and whereby all the strips 
are adapted to be retained together against telescoping 
by engaging the retaining means at the opposite ends of 
all of thdr folds and the cross-sectional profile of the 
substrate is determined by the variation in the widths of 
the folds. 
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To all whom it may t^bhcerTp: 
Be it khoWii that I, FkBDitik 
a sdbiect of the King of Sweden and Norway, 
residing at Stockholm, in the Kingdom of 
5 Sweden, have inveuted new ahii uB^^ Steam 
Generators and Condens^rs^ (fofc which I have, 
obtained a patent in Gr^at Britain, No. 23,664, 
bearing date Deceha ber lO, 1895,) of Which the 
following is a specification. 

10 My invention relates to steam jrenerators 
and condensers composed, as hereinafter de- 
scribed, of corrugated, fluted, or ribbed me- 
tallic chambers, my object being to effect a 
more rapid production of steam than hereto- 

15 fore, or for more quickly heating or cooHng 
gases and liquids. 

Prior to my invention it haff been proposed 
to employ corrugated plates in the construc- 
tion of steam generators and condensers, and 

20 such corrugated plates have been arranged 

, in pairs at a distance apart to form a connect- 
ing-chamber located between, say, two con- 
tainers, and heat has been applied to the ex- 
terior surfaces of such a:narrow chamber ot 

25 chambers. Now, accoi*ding to my invention, 
I fonn achamber having two corrugated walls 
so arranged that the corrugations of one wall 
extend in diverse directions to the corruga- 
tions of the other wall, the apices of the cor- 

30 rugations being in internal contact at points, 
and I coil or fold such a chainbe r or chambers 
so that th^ corrugations are a.lso in external 
contact at ppints and extend in diverse di- 
rections; or in other cases I arrange a num- 

35 ber of such chambers in. contact with each 
pther externa-Uy and locatedj say, between 
containers, fir this-manner, as, for example^ 
in connection with steam-generators, I obtain 
a divided water-space, tJie walls of which con- 

40 sijst of a plurality of flutes, the spaces open- 
ing into, each other atthe orbssihg-ppint^, and 
these water-spaces alternate witii otter simi- 
ia^r,equalj and adjacent spaces, isisrving ascon- 
4^itsf or the heating-gas, such as the.hot gases 

45 frbm a frirna^ 

in the. 4Q<?oiapanying d^ 1 
sh6ws a cbrrugabted platein elevation . Fig. 2 
is 4: ci^pss-section of satrte. Fig. 3 shaws the 
jplii^f qlded; Fig. 4|isflk croM-^btion of same. 

50 Fig. 5:i^ a $ectfibna^^ npiubli bf a chain- 

ber of cbtie^ 

bbrding to* niiy iti^ybMibn, as will be aebSsag^ty 


to describe same. Fig. G iS: a horizpnt*!; sec- 
tion showing a bent or folded: construction. 
Fig. 7 is a' cross-section showing a number of 55 
chambers arranged in contect one with an- 
other. Fig; 8 is a diagraphical elevation, 
partly in section, showing ah application as 
a steam-generator of such an arrangement as 
is illustrated by Fig. 5; and Fig. 9 is a plan, 60 
partly in section, of the view shown at Fig. 8. 
Fig. 10 is a diagraphical view, similar to Fig. 8, 
showing an application' of the arrangement 
illustrated at Fig. 6 ; and Fig. 11 isaplan view, 
partly in section, of .Fig. 10. Fig. 12 is a side 65 
elevation showing an application of such an 
arrangement as is. shown at Fig. 7. Fig. 13 
shows a plate in elevation similar to that 
shown at Fig. 1, illustrating another arrange- 
ment of corrugations. Fig. 14 is a section of 70 
a ribbed plate, and Figs. 15 and IG are plati 
views of modified forms of coiled chambers. 
Fig. 17 is a plan view of a helically-corrugated, 
tube, and Fig. 18 shows the tube in cross-sec- 
tion when flattened and so that the interior 75 
corrugations are in. contact and the corruga- 
tions of the two walls cross each other. 

Referring to the accompanying drawings, 
the chamber may be constructed by placing 
two diversely -corrngated plates in contact 80 
and riveting or otherwise secnring the edges, 
or a plate may be corrugated with the corru- 
gatiobs extending in one direction and one 
part of the plate folded upon the other part, 
or a tube may be helically corrngated and flat- 85 
tpned until the two walls are in contact. In 
fftiCt, I do not Urn it myself to the particular 
detaiLs of construction by which two plates 
diversely con^ugat^d are or miay be brought 
together. In order to illustrate my inven- 90 
tipn, I will describe a construbtibn wherein I 
porrugate a sheet of metal, such as shown at 
Figs. 1 arid 2, with tlie corrugations marked A 
and B. This stripiiE;aJieet of metal so corrn- 
gated i&thenb^Sn^ 95 
pi? tile uncbrrngat^^ C, until the 

apices of the corruptions updti the adjacent 
interior surfaces of tiie walls composing the 
clL^mber come into actual contact, as is shown 
by Fig. 4, And the corrugations A will then ^00 
ex^tend in a divers^^^ tP the corntga- 

tipns Bj as illustiSted: by Fig. 3 ; that is, the 
j flutes ni>bn^ bnp vrall fi^^ brbss the flutes 
I iijiph tiic. ptlier wall E composing the dliain- 
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ber, and the corrugations will be in contact 
at their crossing-points, sparces being formed 
(between the plates) communicating with one 
another at the crossing-points of tlie corruga- 
5 tions. Such a chamber of a proper or suit- 
able size and length, as described with refer- 
ence to Figs. 3 and 4, is then coiled or bent 
into a spiral formation and in such manner 
that the apices of the corrugations on the ex- 

:o terior are brought into contact at points, 
while the corrugations extend in diverse di- 
rections ^ and such a coil as shown in plan 
view at Fig. 5 is or may be surrounded by a 
metal casing F or the like, such as is shown 

15 at Figs. 8 and 0 as applied to a steam-gen- 
erator, and the metal casing F prevents the 
coil from yielding to the internal steam-pres- 
sure. 
G is the furnace. 

: o F' is a packing-piece of aluminium or other 
snitable motal or material. 

The gases of combustion ascend within the 
spaces formed by the spiral windings to a 
chimney H on the upper part of the casing F, 

zs passing through the divided chambers and 
communicating passages adjacent to the simi- 
lar interior water-spaces. 

The boiler is or may be supplied with water 
from an inlet-pipe J, and the steam is drawn 

30 off by a suitable pipe K. . 

Instead of spirally coiling the chamber as 
described, the same characteristics may be 
nmintained by other arrangements ; that is, 
the chamber or chambers may be arranged 

35 so that the apices of the exterior corrugations 
of one part of the said chamber are brought 
into contact at points with the apices of the 
exterior corrugations of another part, either 
of the same chamber or of a similar chamber, 

40 and such adjacent exterior corrugations in 
contact extending ill diverse directions, Thus 
such a chamber as described with reference 
to Figs. 3 and 4 may be bent or folded in " zig- 
zag" fashion, as shown by the sectional plan, 

45 Fig. 6; that is, the chamber is folded in equal 
lengths and in alternate directions, and one 
fold lies on another fold, whereby the cham- 
ber (between the walls D and E) is composed 
of spaces intercommunicating throughoutthe 

50 several folds, while similar spaces are formed, 
exterior of the chamber, between the folds for 
the hejiting products. 

Such a construction of apparatus as applied 
to a steam-generator may be conveniently lo- 

55 cated within a casing F, as, for example, is 
shown at Figs. 10 and 11, and spaces between 
the chamber and the casing F filled by pack- 
ing-pieces F'. 
J is the water-inlet. 

60 K is the steam-pipe, and G is the furnace. 
At Fig. 7 1 have shown several of such cham- 
bers as described with reference to Figs. 3 and 
4 arranged in contact one. with another, 
thereby producing exactly the same results, 

65 i. e., similar waiter-spaces adjacent to symmct- ' 
ricallj'-arranged heating-spaces, as have been. 

• shown with reference to Figs. 5 arid 0. This 


arrangement of chambei^s, Fig. 7, may be con- 
veniently located between two con tainera L T/, 
as, for example, is shown at Fig. 12, each 70 
chamber being in communication with both 
containers.. The productsof combustion then 
pass between the chambers in the direction 
indicated by the arrows. 

As will be now well understood, the particu- 75 
lar form or pitch of corrugations of the plates 
may be varied as desired. For example, the 
corrugations may be of zigzag character, as 
shown at Fig. 13, or the plate may bo provided 
with projections or ridges, as shown by the 8c 
sectional view. Fig. 14, or a tube, as shown at 
Fig. 17, helically corrugated maybe flattened, 
as at Fig. 18, until the interior corrugations 
are brought into contact. 

At Fig. 6 a single chamber is shown coiled 85 
spirally, but two or more chambers may be 
placed in contact one with another and like- 
wise coiled spirally. ThnsatFig. 15two3nch 
chambers are shown so coiled and surrounded 
by a casing F. F' is a packing-piece. Fig. IG 90 
shows a coil of three such chanabei'S. 

When the apparatus is employed «as a con- 
denser, the steain to be condensed may pass 
within the walls of the chamber, while the 
cooling medium, air, for example, may pass 95 
between the chambers. 

I claim as my invention — 

1. In a generator or condenser the corrugji- 
ted plates or walls between which are alter- 
nating chambers for fluids of different tern- loc 
peratures, the corrugations of one plate or 
wall crossing the corrugations of the other 
and so that the apices of the corrugations are 

in contact at the crossing-points in the adja- 
cent walls and hence the corrugated walls rest 105 
upon and support each other thrc^iighout the 
structure without obstructing the passage- 
ways for the fluids within the chambers, sub- 
stantially as set forth. 

2. In steam generators or<iondenser8 three no 
or more corrugated wialls between which are 
two or more chambers, the corrugations of 
one wall being in a diverse direction to the 
corrugations of the adjacent walls and so 
that the apices of the corrugations of one 115 
wall are in contact at the crossing-points with 
the apices of the corrugations of the adjacent 
walls, these waUs being laid in contact with 
each other 30 that the apices of the corruga- 
tions of the exterior surfaces of the said walls x 20 
are brought into contact, the adjacent ex- 
terior corrugations ext;ending in diverse di- 
rections thereby forming adjacent, equal and 
alternate communicating passage in each 

. chamber for water or steam and for the heat- 125 
ing or cooling fluids, and inlet and outlet tubes 
to and from such chambers, subst«intially as 
set forth, * 

3. In steam generators or condensers three 

or more corrugated walls between which are 130 
two of more chambers the corrugations of 
one wall being in a diverse direction to the 
coiTugations, of the adjacent .walls and so 
that the apices of the corrugations of one 
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wiall are ia ooatact at the crossing-points with 
the apices of the corrugations of the adjarcent 
walls, these walls being laid in contact with 
each other so that the apices of the corrnga- 

S tions of the exterior surfaces of the said walls 
are brought into contact, the adjacent ex- 
terior corrugations extending in diverse di- 
rections, thereby forming adjacent, equal and 
alternate communicating passages in each 

o chamber for water or steam and for the heat- 
ing or coolingfluidsand an inclosing exterior 
casing and inlet and outlet tubes to and from 
such chambers, substantially as set forth. 
4- ^n steam generators or condensers, three 

5 or more corrugated waUs between which are 
two or more chambers, the corrugations of 
the adjacent walls extending in diverse di- 
rections and the apices of the corrugations 
of one wall in contact at points with the apices 
af the corrugations of the adjacent walls, one 
such wall of the series being arranged in con- 
tact with the next adjacent wall so that, the 
apices of the corrugations on the exterior sur- 
faces of the walls are in contact at points 

5 while the exterior surface corrugations of one 
wall extend in diverse directions to the ad- 
jacent exterior corrugations of the next wall, 
thereby forming adjacent, equal and alter- 


nate chambers for watei* or steam and the 
heating or cooling fluids, substantially as set 30 
forth. 

5. In steam generators orcondensers, three 
or more corrugated walls between which are 
two or more chambers, the corrugations of 
one wall being in a diverse direction to the 35 
corrugations of the adjacent walls and so 
that the apices of the corrugations of one 
wall are in contact at the crossing-points with 
the apices of the corrugations of the adjacent 
:walls, these walls being laid in contacit with 40 
each other and coiled or rolled spirally to- 
gether so that the apices of the corrugations 
of. the exterior surfaces of the said walls are 
brought into contact, the adjacent exterior 
corrugatioiis extending in diverse directions, 45 
thereby forming adjacent, equal and alter- 
nate communicating passages in each cham- 
ber, for water or steam and forthe heating or • 
cooling fluids; and an inclosing exterior case 
and inlet and outiet tubes to and from such 50 
chambers, substantially as 'Set forth. 

FREDRIK LJUNGSTROM. 

Witnesses: 

E. S. Brewer, 
. Wm. a. Marshall. 


06/05/2003, EAST Version: 1.03.0002 


y 


II 


United States Patent [i9] 

Maus et al» 


US005785931A 
[11] Patent Number: 
[45] Date of Patent: 


5,785^31 
JuK 28, 1998 


[54] METAL HONEYCOMB BODY OF 

INTERTWINED SHEET-METTAL LAYERS, 
AND METHOD FOR ITS PRODUCTION 

[75] Invcnton: Wolfgang Mans; Helmut Swars; Rolf 
Bruck, all of fiengisch Gladbach; 
Bohomil Hum-Polik, Ludwigsbuig. all 
of Germany 

[73] Assignee: Emltec GeseDschafi fuer 

£missloii»>tecbnDlDgl€ mbH, Lc^imar. 
GeimaDy 

[21J Appl. No.: 761^27 
[22] Filed: Dec. 6, 1996 

Related Applicatbii Data 

[62] Division of Scr. No. 504,768, M. 20, 1995, Pat No. 
5,608,968, which is a c<mCiniiatioii of Ser. No. 91,613, Jul. 
14, 1993, Pat No. 5.464,679. 

[30] Foreign Af^catimi Priority Data 

Jul. 14, 1992 PE] Gennany 42 23 096.9 

Jul. 14, 1992 PE] Gennany 42 23 134.5 

[51] lilt CL* B^ID 53/34; B32B 3/12 

[52] a. - 422/188; 422/177; 422/222; 

422/211; 428/116; 428/593; 428/188; 502/527 

[58] Field of Search 422/171, 177, 

422/174. 180, 199, 211. 222; 60/299. 300; 
502/439, 527; 428/116, 593, 594; 29/890 

[56] References Ctted 

U.S. ROTNT DOCUMENTS 


3.890,104 

6/1975 

Pcftaetsd. » 

» 29^90 

3,966,646 

6/1976 

Noakes et al. 

502/439 

4,598,063 

7/1986 

HetaOicfc 

502/439 

4,647,435 

3/1987 


422/180 

4,713361 

12/1987 

Mans 

502/439 

4,719,680 

1/1988 

Cyron 

502/527 

4,818,746 

4/1989 

CyioD «... 

502/527 

4,832,998 

5/1989 


428A16 

4.923409 

5/1990 

CjTon . « 

422/180 


5J094.074 3/1992 Nishizawa et al 60^300 

5,102.743 4/1992 Maus ct al 428/593 

5,105,539 4/1992 Mausetal « 29«90 

5,135,794 8/1992 Mausetal. 428/116 

5,139^ 8/1992 Mausetal 428/116 

5,464,679 11/1995 Mausetal. 428/116 

FOREIGN PATENT DOCUMENTS 


02180^ Al 

4/1987 

Eorapean Pat. Off. 

0222355A2 

5^1987 

Euiopean Pat. Off. 

0152560 Bl 

7/1987 

Eniopean Pat. Off. 

0245736 Bl 

8/1989 

European Pat. Off> 

0332891 Bl 

9/1989 

Eorapean Pat. Off. 

2321378 

11/1973 

Gennany . 

3341868 Al 

V1985 

GecnaDy . 

3928750 Al 

3/1990 

Gec&aDy . 

90/32220 

4/1990 

WIPO . 

91/14855 

10/1991 

WIPO . 

93A»284 

3/1993 

WIPO. 


Primary Examiner— Eien Tran 

Attorneys Agent, or F/n»— Laurence A. Greenberg; Herbeit 
L. Lemer 

[57] ABSTRACT 

A metal honeycoxob body is disposed withio a jacket metii- 
ber At least partly stnictmcd ^eet-metal layers arc wrapped 
around one another and extend attcrnatingly back and forth 
in a curved, preferably involute, fashion between an outer 
annular region and an inner annular region of the honey- 
comfo body. The shectHnetal layers form loops. At least three 
reversal lines are defined in the outer annular region, and the 
sheet-metal layers are intertwined about these reversal lines. 
A method for producing the honeyconib t>ody indudes the 
following steps: foiming or winding a nuilti-layer hollow 
coil from at least one sheet-metal strip which has at least 
partial structuring; deforroing the multi-layer hollow coil 
from the outside thereof towards the inside at at least three 
lines such that the at least one shcct-ntetal ^p extends in 
loops between outer and inner reversal lines; and compet- 
ing the resulting defonncd nuilti-layer structure about the 
inner reversal lines by rotationally intertwining Ae loc^s 
formed by the folded sheet-metal layers in a given direction. 

3 Claims, 12 Drawnig Sheets 
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METAL HONEYCOMB BODY OF 
INTERTWINED SHEET-METAL LAYERS, 
AND METHOD FOR ITS PRODUCTION 

This is a division of application Ser. No. 08/504J6S filed s 
oa Jul 20, 1995 now U.S. Pat. No. 5,608,968 which is in 
turn a continuation of apf^cation Ser. Na 08A)91.6t3, filed 
Jul. 14, 1993. now U.S. Pat No. 5,464,679, issued Nov. 7, 
1995. 

10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention pertains to a honcyconob body, particularly 
a catalyst carrier body, which is formed of at least partly 15 
structured metal sheets defining a plurality of channels 
through y/hich a fluid can flow. 

2. Dcscri^on of the Related Art 

It is known firom German published, non-prosecuted 
plication 23 21 378 to produce honeycomb bodies firom a 20 
r&boD of sheet metaL by jvoviding the sheet-metal ribbon 
with fold lines, folding it and inseiting it into a cylindrical 
case. The ribbon is disposed around a center, and both die 
outer circimif crential segments pointing toward the center of 
the ribbon and those pointing outward fcnn drdes. The 25 
sheet-metal ribbon itself remains unomugated, so that 
overalL only a few flow channels of large cross section are 
fonned in the honeycomb body. The sheet-metal is covered 
with catalyst material A cylindrical void that cannot be 
utilized for the catalytic conversion process remains in the ^ 
interior of the metal carrier. 

Errom European application EP245 737 (corresponding to 
U.S. Pat Nos. 4,832,998 and 4,923,109), it is known to 
produce honeycomb bodies from a number cji individual 
sheet-metal layers. Attemating corrugated and smooth sheet- 
metal segments are layered into a stack. The stack is then 
intertwined around two fixed points, producing a honey- 
comb body whose sheet-metal layers are arranged approxi- 
mately in the sh^ of an S. This is the so-called S-form 
catalyst ^ 

From German published, non-prosecuted plication 33 
41 868 (corresponding to U.S. Pat No. 4.647,435), it is 
known to produce a honeya»nb body from a sheet-metal 
str^ folded on itself in a meandering cr zig-z^ fashion. The 
strq) is provided with prefabricated crease lines at the 
f okling points. 

The known prior art has numerous disadvantages. In 
Gcnnan 23 21 378, for instance, the catalytically active 
surface area is too small; especially for use in motor 50 
vehicles, a considerably larger catalyst surface area, with 
simultaneously very compact outer dimensions, arc desired. 
In EP 245 737, the honeycomb body is produced ftoca 
individual sheet-metal segments. The handling of these 
segments is problematic, however, because the sheets are 55 
very thin and have a voy smooth surface and hence can 
easily stick toge^cr. In production, particular care nuist be 
taken in this respect While German 33 41 868 avoids a 
number of these disadvantages, die booeycamb body is very 
rigid, so diat it does not always withstand thcnnal strains. ^ 
Moreover, 0ie way in which the zig-zag layers arc folded on 
one another is ver^ labor-intensive. 

European ^licatioD EP 0 245 736 discloses a honey- 
comb body in which the individual shcet-mctal layers have 
an involute course in the outer region. Hiis leads to a very 63 
uniform structure and great durability in the face of thermal 
strains. The international publication WO 90/03220 


.931 
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(cOTcsponding to U.S. Pat. Nos. 5,105,539; 5,135,794; and 
5.139,844). from which the instantly disclosed invention 
starts out also discloses an e^cially favorable method for 
producing sudi honeycomb bodies. Tbree or more stacks of 
sheets, which at least partly structured, are intertwined with 
one another. 

The configurations have many advantages, particulariy 
since the forces due to alternating thermal strains are uni- 
formly distributed in die honeycomb body. One of the 
disadvantages, as must be pointed out, however, is that many 
sheets have to be cut to a suitable length and then stacked 
into stacks. The individual sheet-metal layers are also not 
long enough that electric conductors of sufficient length for 
heating the honeycomb body or for representative measure- 
ment ova- the entire cross section can be integrated into a 
single such sheet 

International publication WO 91/14855 also discloses a 
honeycomb body having at least one integrated electric 
conductor. Whm the conductor is laid in a single, straight 
course, it can have only-a limited length. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide a 
metal honeycomb body of intertwined sheet-metal layers, 
and a method for its productton, iKiiich overcomes the 
herein-afore-mentioned disadvantages of the heretofc^re- 
known devices and ntethods of this general type and to 
furnish a honeycomb body with a large catalytically usable 
smface area, which can be produced with only a few 
ivoduction steps from a small number of m^ ^eets, and 
\^ch is able to withstand alternating thermal strains. 

ft is a further object of the present invention to i^ovide a 
honeycomb body, particulariy a catalyst carrier body in a 
catalytic converter for cleaning the exhaust gas of motor 
vehicle engines, which comprises only a small number of 
metal sheets, is uniform in construction, and the structure of 
which is also suitable for integrating at least one long 
electrical conductor in at least one of the sheet-metal layers, 
or to form one of the sheet-metal layers itself as a long, 
insulated electrical conductor. 

'Wish the forcing and other objects in view there is 
provided, in accordance with the invention, a metal honey- 
comb body, conqirising a jacket mentbcr defining an interior 
widi a substantially annukr inner region and a substantially 
annular outer region, at least partly structured sheet-metal 
layers disposed in the interior, the sheet-metal layers being 
wr^iped around one another and extending altematingly 
back and forth in a curved fashion between the outer annular 
region and the inner annular region, and the sheet-metal 
layers forming loops, and at least three reversal lines defined 
in the outer annular region, the sheet-metal layo^ t>eing 
intertwined about the at least three reversal lines. 

In other wcHds, the objects of the invention are attained 
widi a metal honeycomb body having sheet-metal layers, 
which are at least partly structured, wrapped around oac 
another, whidi extend altematingly back and fc«th in curved, 
and in particular in approxinoatdy involute, fashion between 
an outer annular region in the vicinity of a jacket region and 
an inner annular r^on in a center region and form loops, 
wherein the bodty in the outer annular region in the vicinity 
of its jacket and in the iimer annular region in the vicinity 
of its center, has at least three reversal lines, around whidi 
the sheet-metal layers are intertwined. 

In accordance with an added feature of the Inventicm, the 
jacket member defines a longitudinal axis of the honeycoinb 
body in a center therec^, the reversal lines extend substan- 
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tially parallel to the Icmgitudinal axis, and the shcct-mctal utcd about a drcumfoence of the multi-layer hollow 

layers arc curved in an approximately Involute fashion. whI, and forming a corresponding number of inner 

In accordance with an additional feature of the invention, reveisal lines in the inner annular region and outer 

the shcct-mctal layers arc formed by one to five sheet-metal reversal lines in the outer annular region, such that the 

str^)s having at least in part a corrugation-like stnicture. and 5 at least one sheet-metal strip extends in loops between 

the reversal lines extend through two or more nmtuaUy the outer and inner reversal lines; and 

concentric circles. d) ccmpacting the resulting defonned multi-layer struc- 

In accordance with a further feature of the invention, the turc about toe inner reversal lines by rotationally inter- 
honeycomb body has a given cross-sectional shape, and die twining the loops in a given direction, 
reversal lines are distributed within die jacket irregularly in lo As wiU also be described in detail m conjuncuon with the 
accordance with the cross^sectional shape <rfdie honeycomb drawing, such a honeycomb body can easily be produced 
body. By simply distributing the inner leversai lines in a from a hoUow coil by folding it m a star shape and then 
certain way. the resulting hcmeycomb shape may be varied wrapping die "pwnts of the staf around one another. The 
in a number of different ways. hoUow coil conyprises structured metal sheets wound in a 

In accordance with again added feamresrf the invention, 15 spiral around one another, whidi form a hdlow cylinder 

the loops are disposed^ the inner annular region and whose outer radius is R and whose mner radius is r. The 

the sheet-metal layers substantiaUy fill the inna annular cross-scctional area of the hoUow cyUnd^r, i^. the (ttea 

region, or a void of a certain shape is retained on the inside about wWdi the sheet-metal layers are distritacAis m fart 

of the honeycomb body, into which no shcct-mctal loops ^ (R*-^ «>d is approximately equivalent to die cross, 
extend. TUcintcricrvoidmayormaynotbesupportedwith ^ 

a rigid central stnKture, sudi as a jripe. ^^^^^ ^^<^^ T^T i^^S^ Z ^ 

.r ^ . jX. ^, #1^,4,^ consists of a smgle-flight spirai of <Mie smooth and one 

In accordance with again an additional feature of the ^A^uaiaw ~:'^T n«-i**, i 

of camig^tcd metal strips having a longitudiBol edge, the producing a multi-fl«5htq«ial from altonatuig ^'^J^ 

""'"K*"^"^. """F* 6 ™,cL„.„i,. ^».<,w 25 cmwated sheets, for instance. Alternating layers <rf d£ts- 

cornigatedstnphavingacoaugat^ en^stnietured sheets are also possiW^ sudi as sheets 

cxtendineinadirectionwhicfadeviatesfromapapendicular cnuy »u«»«uou « „,„4.i„fc 

to fl^ longitudinal edge of the metal strip b^angte of coa«gatedobbquetyatanangle.many vmionsof^ 

rrTwhefthe comagated siLires arfflius rULZ^'stlS 

folded ooto one another-<rith Uieir longitudind edges ^ ^ ^ shcct-metal 

remaining paraUel-the comigation trou^s and valleys ^ layas oato a cyb^cal core. .^fl..„H.K.„ 

mciiuuuu.s 6 ,\frli. ^ t,^^ ^, Next, however, the hdlow cod is not pressed flat and then 

"^Tr^^^^^u'"^ intcrtwined.aslaiownfromthepriorartsuchasEuropean 
diosen corrugation ai«k. application No. 332 891 BL but instead is pressed in from 
In accordance . *^ Seoutside inward at at least three points, f«ming a star 
mventoD, honeycomb body mdudes a layer wA^^ shape. The -points" of the star may be wrapped in &e same 
grated dectncal conductor, Ae electncal conductor being ^.^^ ^ ^ 3 
electrically insuUtcd from adjacent sheet-metal toym, tiie ^ ^ ^ strucmrcd shcct-metal lay- 
electrical condurtor bcmg, for mstance, a hot conductor for ^ ^ lodividual shcct-mctal layers then have an awsoxi- 
heating the honeycomb body or a measuicr^nt scnsot ^ ^^^^^ ^ ^ ^ 

Ihaccwdance widi yet an added feature of die mvenuon, ^ sheet-metal layers arc self-contained so tiiat no free ends 

thclaycrs are formed of at least partly corrugated sheet metal emerge on the outside; instead, only the curved backs of 

stops and smoodi shcct-mctal strips cadi extending alcmg a ^ ^^^^ oatside. 

longimdinal axis, the layers being folded one on top anodier number of reversal Hues, which is die same for both 

and defining apex points at the lo<^, die shcct-mctal strips jij^ctions of curvature, should preferably be at least 4 eadi 

having lateral edges into which BQUtnally opposed cut-outs ^ and on the outside. In certain ^iplications, 

are framed at die ^>cx points such tiiat a rdativdy narrower particularly when a honeycomb body dial has a hoBow innar 

web is defined between die cut-outs and stdp segments are ^^^^^ region is to be produced, an even larger number is 

defined between die apex points . adj acent ones of the stnp ^ dcsdraWe. The (fiffeience between the outer and inner 

segments being rotated relative to one anodierby 180° about ^ ^ ^^^^^ coil and die number of reversal 
die longitudinal axis. ^ lines, as well as dicir initial distributiwi over die drcumfer- 

With the objects in view, there is fiirdia provided, in cnce of die hdlow coiL determine die later shape <rf die cross 

accordance widi yet anothw feature <tf the invention, a section w in oflicr words die size (rf a hoUow inner annular 

honeycomb body, comprising a stack of sheet-metal layers region. 

di^sed in the form of an S, the stack being fumed of a in principle, the hollow cofl can be built up in many ways; 

OHTUgatcd, smoodi oc crarugatcd and smoodi sbeet-mctal preferably, 1 to 5 shcct-mctal str^ arc used, T^idch at least 

sti^ folded in zig-zag fashion. inparthave acoorugation-like structure. In parf means diat 

With the above-noted objects in view, thm is also sheet-metal stiq> has this structure in some 

provided, in accordance widi the invention, a mrthod for regions, or diat some of the Acet-metal strips have diis 

produdng a noetal honeycomb body of at least partly struc- structure. For instance, it is possible to produce a hallow coil 
tuted sheet-metal laycn. The method ccanpriscs die steps of: ^ ftom a single shcct-mctal str^ which is smooth over half its 

a) focming a multi-layer hoUow coil widi an inside and an lengdi, for instance, and coirugated on the other half and 
outside from at least one sheet-metal strip which has at then is folded together. A configuration widi one smoodi and 
least partial structuring; one camigated sheet-metal strip or a plurality of such strips 

b) defining an inner annular region and an outer axmular is also possible; all the structures aiul substructures of the 
region on the inside of the muM-layer coil; 65 sheets known from the prior art may be used. The hollow 

c) deforming the multi-layer hollow coil from the outside coil preferably has a total of 3 to 7 layers, each which is 
thereof towards die inside at at least tinee lines distrib- {^oduced by winding up die 1 to S ^ect-metal str^. 
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The present inventioa is especially highly suitable for It is completely unproWematic in this production process 

honeycomb bodies in which at least one electric conductor to integrate at least one sheet-metal strip, which is f(»med of 

that is electrically insulated firom tiie honcyccmib body is to two sheet-metal layers in close oontact with one another 

be integrated the conductos* being embodied as a hot con- between which at least one electrical conductor is integrated 

ductOT and/or as a measuring sensor. To produce a tempera- $ (n an electrically insulated manner. Without any change 

ture sensor that rqwesentatively measures over the cross whatsoever in the production process, a very long electrical 

section of the honeycomb body, it is in^KHtant incoiporate conductor can in this way be distributed uniformly over flie 

a relatively long conductor. The same is true for a hot wire circumference of the h<Micycomb body and can serve as a 

in electricaUy beatable honeycomb bodies. Here, the present measurement probe ot sensor or as a hot conductor, 

invention offers the advantage, over honeycomb bodies that ^ ^ ^^^^ in the prior art ftom which the instantly 

conyrise a number of mdl^adual shedts. that a long disposed invention starts out one of tiie substantial advan- 

^t^^^S^^^^^^ tapsofmepresentinvendonisth^ahone^^^^ 

-S^S ky^^ is imowi^d^cal ionductJ can i^°"^i^*=^^°*^'!eion 

thus be disposed in a jacket conductor, for instance and Th^ configuration need not even be supported by a central 

rolled in between two sheet-metal layers. Any other way of , , . ^ ^ 

integrating an electrical conductor into a sheet-metal layer is The honeycomb body is preferably i»oduccd from a thin 

also possible, sudx as laying it into a slit. COTCUgaled sheet- corrugated metal stni>— the matcnal thickness is qjproxi- 

metal layer. Ducting the electric conductor through a win- matdy 0.02 nam to 0. 1 mnL The ccxnigated strip extends in 

dow into a jacket tube that might optionally surround the alternation from a center to a jacket and from that back to 

honeycomb body can be done, for instance, in accordance 20 the centet Each location of the c<xrugated strip then comes 

with international publication WO 93/05284, which teach- to rest on the adjacent layer of the str^, ptKhidng a spiral 

ing is hereby expressly incorporated by reference. or involute structure for the metal carrier, witii a phirality of 

In generaL a honeycomb body according to the invention axially extending channels. The radially inwardly poiining 

is surrounded by a jacket tube, and the outermost sheet- loops of the metal strip rest with theh* apices inside ttie 

metal layer touches the tube along lines of contact in the 25 centff. whidi they actually fill virtually con^etdy. The 

vicinity of the outer reversal lines. To secure the honeycomb distribution of die loops in the center need not be synunetri- 

bodyinlhejackctmbe, the outermost sheet-m^ layer may ^ xhe radially outwardly pointing loops are wrapped 

be joined to the jacket by brazing, at least in subrcgions c€ around the radially inner loops and hence about the center, 

its contact lines with the jacket. producing the spiral form ahrcady described. The outer 

The shcct-mctal layers arc prrfcrably also joined to one 3^ regions of &e lo<^ are joined to a surrounding jacket 
another by brazing, at least in subrcgions. Such brazing housing by fastening tedmiques or in a form-locking fash- 
connections are preferably made at one or both end faces of i^j^ 

the honeycomb. The end faces of the honeycomb body arc Because the conugated sheet rests on ilsdf in a looped 

defined at &e entry point of the fluid into the bo<fy and the fashion, care must be taken so that the corrugations of two 

exit point of the fluid out off the body. 35 corrugated sheet layers resting on one another will not nestle 

Inparaphrasing die claimed method. tte{mxluttion of the into one anottier. Rather, channels of a defined cross section 

honeycomb body from sheet-metal layers follows Aese w\dtib allow a fluid flow need to be maintained. This 

steps: problem is soldcd by way of a special corrugation sh^ in 

a) a hollow coil with a plurality of sheet layers, preferably the conugated strip, for instance in acccerdanoe with German 
3 to 10 sheet layers, is wound from 1 to 10, and 40 published, non-prosecuted application 33 47 086. However, 
preferably 3 to 5 sheet str^s (3, 4), which arc at least corrugation may also be im{He$5ed obliquely with 
paiUy structured; die hollow coil is, in fact an aimular respect to the longitudinal course of ttie strq). It has proved 
ring and possiUy a multi-layer annular ring; especially advantageous for the ocnugation to deviate by 

b) die hollow cchI, supported from inside, is deformed about two to ten degrees from behig perpendicular to the 
from the outside inward at at least three lines, so that a as edgp of the corrugated strip. When ttie corrugated strip is 
corresponding number of reversal lines arc farmed both folded onto itself in looped or zig-zag fovm, the oomigadons 
in an outa annular region and in an inner amiular of the strip thus intersect one another (by twice die chosen 
region ; an^e)« thereby preventing the oomigatcd strips from sliding 

c) the resultant starlike structure is conqxacted by rota- into one another, 

tional intertwining of the outer reversal lines, relative to 50 Another cation f^ preventing two conugated strips from 

the inner reversal lines. falling into one another is Co insert smoodi divider strips. 

As will be seen in frirther detail firom the descripcicHi of the Fteferably the conugated str^ is disposed between two 
drawing, this production mediod Is very r^d and simple smooth str^. ff the thus-arranged sn>ooth and corrugated 
and has only a few individual steps. Nevertheless, by a strips contact one another in looped or zig-zag fashion, die 
suitable sdection of the dimensions of the hollow coil and 35 smooth strq> on the inside in each case comes to rest on 
of the number of reversal lines, which moreover need not be itself, so that the corrugated stop is always supported on this 
distributed unifonnly over the circumference of the hollow double smooth str^> laycr^ and the smooth strip can be 
coil, several different forms may be produced, analogously selected as suitably thin, for instance being 0.02 mm thick, 
to the range of forms already known from the prior, art Hie In a further prefened embodim^ a plurality of comi- 
reversal lines, as shown in the drawing, may also be located 60 gated and smoodi strips are incorporated into the honey- 
on a plurality of concentric circles or distributed irregularly comb body. Then each conugated strip is disposed t>ctween 
in the finished honeycomb body, in order to produce special two smooth str^, so that a smoodi strip always alternates 
sh^s. with a corrugated str^. The outer layer should be a smooth 

For instance, the hollow coD may be dcfonncd from die strq>, because otherwise in a looped or zig-zaggcd arrange- 
outside inward at at least four lines; to fonn non-^und aoss 65 mcnt two sides of a conugated strip would come to rest on 
sccticms. the reversal lines are circumfcrentially spaced apeat one anodicr. As a result of this arrangement with mult^de 
at uneven intervals. smoodi and conugated strips one on top of the other, it is 
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possible to fill even relatively large honeycomb body cross 
sections, without having to inoease the number of loops cs 
wr^ings around the center to a great extent 

Another cation foi separating the looped comigated 
sheets is to slide individual smooth strip segments in s 
between the comigated strip layers. Then the sheet-metal 
segments are inserted between die cofnigated strip layers 
bodi from the center and from the edge, so that the smootii 
strip segments are in approximately a star-sh^)ed arrange- 
mcDt The smooth strip segments pointing outward are lo 
wrapped with the radially outer loop around the center and 
arc joined to the jacket by fastening techniques, such as 
brazing, or in a fcKm-locking fashion. 

To prevent two layers of ccmugated strip material from 
sliding in one another, one layer csi smoodi strip may for 15 
instance t>e inserted between dienL To that end. one smooth 
scrip and one comigated strq> are fdaced on one another. At 
the apex points of the loop, both strips are simultaneously 
cut out or stamped out bom both edges, so that only a 
narrow web remains io the middle the strqx The snnioth 20 
and comigated strip segments between two such narrow 
webs are the twisted about the longitudinal axis by IBO^ 
relative to the adjacent str^> segment. When the strips are 
then laid on one another in looped iH'-zig-zag form, in ^^ch 
the segments correspond to die width of the zig-zag stack, a 25 
smooth layer and a corrugated layer always come to rest on 
one anothcL 

As described above, die honeycomb body is produced by 
winding up at least one comigated metal strip to make a 
single-iaiycrcd or multi-layered hollow coiL Hic corrugated 30 
stnp is placed over winding mandrels, which at the same 
tim e are disposed on a circle having the inside diameter Dl. 
The nimiber of winding layers is determined by the desired 
thickness the loops subsequendy made, which in turn 
depends on the required diameter of ihe honeycomb t>ody. 35 
The number of winding mandrels is as a rule selected such 
that it matches the nui&A>er of loops required to produce the 
metal canier. so that once the Loops have been intertwined 
around the center, the corrugated strip will prcdscty fill the 
interior of die honeycomb body. 40 

In the second processing step, the corrugated str^ is 
pulled in between the winding mandrels toward the center of 
the honcyccmib body. To (hat end, draw-in mandrels are 
brought frooi the outside against the drck made by 
ccmigated str^, and die comigated str^ is also drawn Into 45 
the cento* by these draw-in mandrels, in the course of which 
the winding mandrels yield resilientty. so that the corrugated 
strip will not be overstretched After the drawing in. die 
comigated str^, whidi before was arranged in a circic, is 
now deformed into a rosette shape, and the winding man- 50 
drds are now di^sed on a reduced circular diamfiTfT D2. 

In the next production step, the winding mandrels are 
removed. The radially outer loops are wrapped around the 
radially inner loops. In the process, die corrugated str^ are 
pressed against the neighboring comigated strip layers, 55 
producing a spiral structure with the outside diaixieter D3 for 
die honeycomb body. During the intenwining process, the 
drawn-in mandrels serve as retainers for the loops, so that 
diese loops are fixed in the center region. Finally, die 
honeycomb body produced in this way is inserted into a 60 
jacket and fastened thereto by fastening techniques or in a 
f oim-locking manncL 

This production method may be modified so that during 
die winding the corrugated stri^ onto the winding 
mandrels, two smooth sheets are additionally delivered, so 6S 
diat the corrugated str^ runs between the two smooth strqis. 
This is necessary whenever the embossing of the comigated 
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Strip does not prevent two comigated strip layers resting on 
one another from slipping into one anodier. as can happen 
widi a simple sinusoidal corrugation, for instance. 

Given the requirements of modern automotive 
engineering, honeycomb bodies that deviate from the circu- 
lar form are often used. The elliptical or Radium-shaped 
m^ carriers diat are often used are produced by embody- 
ing the center of the metal carriers not in point or circular 
form but rather that it assumes virtually a linear form. 
Elliptical metal carriers can accordingly be produced so that 
the radially inner loops are pulled into a straight line, which 
appcoTomsddy connects die two fod of the ellq>se. Other 
f<Hms of honeycomb bodies can be produced eakly in this 
way, and for different geometrical versions the center is 
adapted jqjprofniatety. for example being curved. 

Honeycomb bodies of several special geometrical shapes 
cannot be produced in die foregoing manner. An exan^le 
therefor being bone-sh^)ed honeycomb bodies. To produce 
those shapes, it is proposed diat the lengths of the loops not 
be made uniform but rather varied. 'Diis makes it very sinq>lc 
to change the external form of the honeycomb body, 

A further version of h<Mieyconib bodies is to arrange 
stacked ccnrugated and smooth sheets in an S-shi9)ed con- 
figuration in a jacket This kind of embodiment can also be 
achieved witti a single smoodi and^or corrugated strip. A 
stack of metal strips placed in zig-zag fashion on one anodier 
is made and then intertwined about two fixed points, pro- 
ducing the aforementioned S-sh^ied configuration. 

Odier features which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a metal honeycomb body of intertwined 
sheet-metal layers, and method for its iHX>duction, it is 
nevertheless not intended to be limited to the details shown, 
since various modifications and structural changes may be 
made therein widiout departing from the spirit of the inven- 
tion and within the scope and range of equivalents of the 
claims. 

The construction and method of operation of the 
invention, however, together with additional objects and 
advantages thereof will be best understood firom the follow- 
ing description of specific embodiments when read in con- 
nection with the accompanying drawings, 

BRIEF DESCRIPnON OF THE DRAWINGS 

FEG. 1 is a cross-sectional view of a first embodiment of 
a honeycomb body according to the invention; 

FIG. 2 is a schematic cross-sectional view of a hollow coil 
from whidi die honeycomb body of FIG, 1 may be formed; 

FIG. 3 is a partial view of the hollow coil of FIG. 2. 
partially deformed into a star sh^; 

FIG. 4 is a view similar to diat of FIG. 2 widi a 
distributicm of reversal lines for the formation of a second, 
i.e. oval, embodiment of the honeycomb body; 

FIG. 5 is a schematic view of a further exenqtoy 
embodiment widi reversal lines distributed over a piurali^ 
of concentric circles; 

FKj. 6 is a cross-sectional view of an embodiment with an 
irregular distributi<Hi of the reversal lines; 

FIG. 7 is a similar partial view of a honeycomb body with 
a hollow inner central region; 

FIG. 8 is a similar view of a honeycomb body with an 
irregular cross sectional ^tapcx 

FIG. 9 is a partial, perspective view of a comigated 
sheet-metal layer with an integrated electrical omductor for 
integration in a honeyoc»nb body according to the invention; 
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FIG. 10 is a schematic cross-sectioiial view of a round which are wound in alternation in a spiral to make a hollow 

honeycomb body; cylinder. This hollow cylinder has an outer radius R and an 

HG. 11 is a similar view of an eUiptical honeycomb body; '^dius r, as measured from a center point which lies on 

HG. 12 is a schematic view of a honeycomb body prior I longitudinal axis of the honeycomb body. By pressmg me 

to the intertwining, with loops of differ^t lengths; ' ^oU^^ "^^^J^ f the reva^ Imes 2a^^2c, 7d die 

^ *^ ° coil can be deformed to make a star-shaped structure. Under 

HG. 13 is a similar view of the honeycomb body after the circumstances, the hollow coil might need to be 

intertwining, with loops of different lengtiis; supported from the inside at Ac reversal lines 7a. 7i». 7c. 7^/. 

FIG. 14 Is a schematic view of a comigatcd strip with jn ccder to achieve imiform deformation. As a result of this 

oblique corrugation and a corrugation of an adjacent layer jq deformation, the reversal lines 2a, 2b, 2c. 2d come to be 

strip superimposed thereon; located within tiic inner annular region 5, while the reversal 

FIG. 15 is a cross-sectional view of a folded stack; lines 7a. 7b. 7c, 7d initially form the 't>oints'' of a star. An 

HG. 16 is a stmUar view of the stack intertwined about intermediate state along the way to this f wm is shown in a 

two fixed points' schematic detail in FIG. 3. The arrows 8 represent the 

HG. 17 a di^tammatic view of Ihe honeycomb body dirertjon of i^ton Inwai^^ Ihe revereal lines 2o. 2b 2c. 

wid. twisted she^-metal strip segments; ^1- ".^"J^*"*" *1 'Jf ""^^^ 

, udicated by arrows 9, by rcrtary twisting in the same 

na 18 is a partial view of a detail of a sheet-metal strq> direction of the outer reversal lines 7a. 7b, 7c, 7d relative to 

segment with a web; the inner reversal lines 2a, 2b. 2c. 2d to make a tight body, 

FIG. 15te is a diagrammatic side-clevational view of a 20 then the desired fmn of a honeycomb body is obtained, 

ottnigatcd strip wound into a drdc. pjQ 4 ^^^^ ^^e initial disposition of the reversal lines 

FIG. 19b is a similar view of the corrugated strip drawn 7a, 7^, 7c, 7d and 2a, 2b. 2c. 2d for forming an oval 

into a rosette; honeycomb body. The reversal points 7a, 7b. 7c. 7d are not 

FIG. 19c is a similar view c^the honeyccHnb body twisted distributed onifcnnty over the inside circumference of the 

into a spiral; ^ hollow coil but instead arc located at the corners of a 

FIG. 20 is a di^rammatic view of smooth and ootnigated rectangle (rather than a square as in FIG. 2), so that with tiic 

strq)s wound up in a circle; and star-sh^>ed deformation and later intertwining, an oval cross 

FIG. 21 is a similar view of the conugated strip disposed sertion is fcnned. 

in a rosette sh^, smooth strip segments tiirust in between. ^ ™- ^ shows an cxen^lary cmbodmient that can be 

preferably employed whenever a larger number of coimec- 

DESCRIFnON OF TBE FRQ^ERRED tion points with the jacket 1 are desired in the outer region 

EMBODIMENTS and whenever a steq>er angle of contact of the outer sheet 

D>F»*4«.^ A- A^^A^^^ J- A^^ix layer is desired. By means of additional reversal points lla, 

Rermmg now to the drawings in detail, and first ^ ^ ^ ^ ^ ^ • ^ 

^^^i^A^^T Tiwn 1 rtiL-. ;* ^ ll^.llcandl2a,12fr the desired structure m the outer 

particularly, to FIG. 1 thereoi, mere is seen a scbematic 35 , . , . _ , „ 

' r ■ . . . ^ ^ . reiaon can nkewise be formed from a hollow coiL 

cross-sectional view showing the construction of a hwiey- ^'^s^"" ^ ''"^ ^ « iix a i«/iiww 

comb body of the inventioD, using a round cross section as ^ schematically shows how an overly large mtemal 

an exanq>!c The boneycranb body comprises alternating void can be avoided, if that should be undesirable, when 

smooth shect-mctal layers 3 and comigalcd shect-mctal there is a relatively large number of outer rcvosal lines 13a. 

layers 4 disposed in a jacket tube 1. The illustraled comi- ^ 13b, 13c, and inner reversal lines 14a, 14i., 14c, . and 

gations are simple sinusoidal corrugations with rounded 15a, 156,15c... lb that end, sonie of the inner reversal lines 

troughs and peaks. It is undffstood. however, that any 14a, 14&, 14c are located on a circle having a smaller radius 

number <rfcomigation types may be cnq)loycd in conjunc- than diat of &e odier inner rcvcrsallincs 15a, ISfc, 15c. 

tion with the invention. Three or more inner reversal or FIG. 7, by contrast shows how a hollow iimer central 

inversion lines 2a, 2b. 2c, . . . are located within an inner 45 region, as defined by a tube 17, is formed. All of the inner 

region 5, and an equal munber of outer reversal lines 7a, 76, reversal lines 16a, 16b. 16c, — arc located on a concentric 

7c, . . . are located in an outer flnnnlar region defined cirdc within the interior of the iimer annular legioD 5. 

between a dashed circle 6 and the jacket 1. The shcet-mictal FIG. 8 schematically shows an example of how irregular 

layers 3. 4 wind around these reversal lines, each layer cross sections can be filled according to the inventioiL Here 

alternating in its direction cf curvature, and extend in a curve 50 the inner reversal lines 18a, 186. 18c. 18<^ arc irrcgulariy 

between eadi two reversal lines, preferably in an approxi- located in the intericv. and as a result a correspondingly 

mately invcdute fashion. The lines of contact of the outer- irregular cross section can be filled up in the intertwining 

most sheet layer with the jacket tube 1 may, at least in partial process. 

regions, be joined to the jacket tube by brazing. To avcnd FIG. 9 shows how an electrical conductor 43, insulated 

having sheet layers of die same structure rest on one another, 55 and separated frimi the metal sheets 3 and 4 by an insulation 

additional intermediate layers 10 may be provided, which 45, can be disposed within one sheet layer. The layer is 

are laid in or inserted durhig an intervening step during the comprised <^ two individual sheets 3 and 4. The sheets 3 and 

deformation. 4 have a bulge 46 on one cr both sides, and the other 

It is noted that the cross-sectional view of most <^ the electrical conductor 43, electrical lead, probe, heater or the 

figures may also be denoted end faces of the honeycoinb 60 ^ bulge. The individual sheets may be 

bodies. In a preferred embodiment the sheet-metal layers 3 joined at ttieir face end-s t>y a brazed connection 44. 

and 4 are brazed to one another, at least in subiegions of their Vhtually nothing in the described production process for 

mutual lines of contact, in fiie vidnity of the end faces. honeycon^ bodies is dianged if instead of a single comi- 

FIG. 2 shows a schematic cross section of a hollow coil gated layer, a double layer with an integrated electric con- 

firan which a honeycomb body of the invention can be 65 ductw as in FIG. 9 is used. 

produced. In this exemplary embodiment the hollow coil FKj. 10 schematically shows another embodiment of a 

con^Kises one smooth sheet 3 and one ocxrugated sheet 4, circular honeycomb body configuration. Here the sheet 
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metal layers 3 and 4. laid on one another in looped forat are the fixed points 51, jMrodudng a honeycomb body whose 
disposed in ao inner annular region 5 that is disposed layers are arranged approximately in an S. 
coaxially around the center 11 of the honeycomb body. The FIG. 16 shows one such honeycomb body, with the 
sheets arc intertwined about the center U. In the process, the wrapping of HG. 15 continued to a finished configuration, 
radially inner loops 21 fill the center 11 completely. The 5 Refening now to FIGS. 17 and 18. of wbidx the former 
radially outer loops 22, with their outsides, touch the CDvel- schcmaticaUy shows an t^iparatus for p-odudng a honey- 
oping jacket 1, to which they are joined by metal fastening comb body, one corrugated strip 4 and one smooth strip 3 are 
techniques (e.fl. brazing) or in a form-locking manner. It is dcUvcred to the ^aratus. A stamping device 60 stamps 
noted, in this context, that a form-locking oonncctiQii is one stripUke parts out of the s»nps 3 and 4 froin the edges 39 
which comiects two elements together due to the shape of lO inward, only a narrow web 65 (FIG 18) in &e longim<hiial 
the elements themselves, as o^^osed to a forcc-lo^g 

uic ultimiulo r-lLi^, \u t^^^^ apparatus, stnp segments 6r (defined between two stampcd- 

connecbon, whi(* locks ^ elements togeA« by force ^^^^ VebslS^ are rocated by 180" about thejS^- 
atonal to the elements. The structure of the honeycomb ^^^^ ^ 

bodyisneariyspiral,andAcspu:a^sori^ ^ ^ ^ a spiral. In a 

attheoicularcenterlLThespacuigofthespi^ 15 , ^Ider appanitus, the strip segments 61 and 61', 

another is substantiaUy constant^ because the spacmg is counter to one another, arc stacked up. The webs 65 

defined by the amplitude of the sheet layers 3 and 4. ^ ^ Accordingly, 

In FKj. It an elliptical honeycomb body is shown. Here ^ fanned ftom alternating smootti and corrugated 

tfie sheet layers 3 and 4 are laid on one anodicr in looped ^^^^ layers 

fashion and drawn with the radiaUy inner loops 21 to make 20 i9a_i5^ iUustrate the production of a further 

a $tnp^ center 11, which is di^sed in the middle of the ^jobodinttnt of the honeycomb body. The conugated strip 4 
honeycomb body, ^jproximately sunoundmg a straight hne adivcrcd to the winding apparatus, whidi includes the 
11* that connects the foci of fee ellipse. The inner 100^21 ,^^d£ng njandrels 3^ The corrugated strip 4 is now wound 
completely fiU the center U. The radiaUy outer loops 22 are « hollow coiL The inside diameter Dl of the 

intertwined around the center line 11, and the indiwdual 23 ^^^^ ^ ^ ^ ^ ^ 

layers of the sheets 3 and 4 ccme to rest on one anctijcr. j^^]^ 32. In the next iH-oduction step, draw-in mandrels 
Once again, ttie structure of the honeycomb body is spnaL ^ ^^^^ against the hoUow coil and thrust between the 

The number of loops 21 and 22 d^nds on Ae size of the ^^i^jj^jg mandrels 32 toward the center 11 of the honeycomb 
area of the honcyconib body to be filled. In this exanq>le, 23 body. By the drawing in of circular sectors 20. tiie hoUow 
inner loc^^s 21 are folded about draw-in iMndrels 31 and ^ ^ofl is dcfonncd into a rosette shape. The winding mandrels 
puUed towards the center 11. The number of inner loops 21 3^ ^ thrust towards Ac center U, and as aresultthe outside 
or drawn-in mandrels 31 may be increased or decreas^ diameter D2 of the rosette is smaller tten the inside diameter 
arbitrarily The outer loops 22 rest wifli the corrugations <rf d1 <tf the hollow coil. Tlie winding mandrels 32 located in 
thesheetlaycrs3and4onthe!mrroundingjackctlandare ^ ^ 22 are Aen removed, while the 

joined to it by fastening techniques or in a formrlodang way. ^3 mandreis 31 in the radially inner loops 21 remain 

FIG. 12 ^ows a honeycomb body wife loops of different ^ |]^^ jq^^ 21 in the center 11 during the ensuing 

lengfes prior to the intertwining. Here fee sheet layers 3 and intertwining process. Aiier the intertwining, fee drawn-in 
4, extending over fee winding mandrels 32, have been drawn mandrels 31 are also removed from fee inner loops 21, so 
by the draw-in mandrels 31 wife different spacings, resulting ^ that finally a honeycomb body results formed from only fee 
in a variable loop lengfe. The draw-in mandrels 31 are drawn comigated strip 4. The conugated strip 4 is spirally arranged 
toward fee strq»likB center 11, and in this example fee in the honeycomb body. The outside diameter D3 of fee 
draw-in mandrels 31 have not yet reached fee center 11. honeycomb body is smaller than fee outside diameter of D2 
Ai%er the winding nmdrels 32 are removed, fee outer loops rosette thapc 

22 are feen wrapped around the center 11 in fee wrapping ^ fiG.20 shows fee production of yet a fiirfeer embodiment 
direction U. of honeycomb body. The single cocnigated strip 4 and 

FIG. 13 shows a 'tione-shapcd*' honeyoxnb body, Vfhiidi two smoofe strips 3 are simultaneousty wound up to make 
is produced £com fee sheet layers 3 and 4 arranged in loops, one hollow ooiL The corrugated strip 4 is located between 
as shown in FKj. 12. Here fee center 11 is strqilike; it two smoofe str^ 3, so that bofe the instdes and fee outside 
encloses fee straightlineirthatconnects the fod of fee two ^ of the boUow coil are fnmed fay the smoofe strq). The 
knob-shaped ends. The honeyconib body is inserted into a production steps proceed analogously to feose described in 
jadtet 1 and joined to it by eifeer fastening tedmiques or by conjunction wife FIGS. I9b and 19c. 
means of a form-lodc. FIG. 21 shows a ccirugated strip 4 that has been drawn in 

FKj. 14 shows a corrugated strq> 4 wife oblique comi- to make a rosette sluq)e. Smoofe sheet segments 7# are 
gation. Here fee corrugations 41 deviate from a line 40, 55 introduced into the interstices between fee corrugated strips 
which is perpendicular to edges 39 <^ the strq>4, by an angle 4. The sheet segments 70 extend on the one hand toward the 
a. By folding over the comigated str^ 4 at fee ^nces of the center 11 from fee winding mandrds 32 and on fee other 
loops 21 and 22, two layers of the corrugated strip 4 thus extend outward from fee draw-in mandrels 31. As a result 
come to rest on one another, wife the coirugatton 41 the fee individual layers of the conugated strip 4 are each 
top layo^ being oriented in fee opposite direction from fee ^ separated by one smoofe she^ segment 70. After fee wind- 
corrugated strip layer beneafe it In that way, that fee ing mandrds 32 have been removed, fee outer loops 22 are 
corrugations 41 of fee top layer intersect the corrugations dl*"* wrapped around the center 11 in the wrapping direction U. 
of the ooffrugated strip layer beneafe it at an acute angle (2ot). In this foregoing embodiment it is also possible to intcr- 

FIG. IS shows an exen^lary stack 50 wife ocxrugated diange fee corrugated and smoofe sheets, ie. the str^ 4 is 
str^ layers 4 folded in a zig-zag fashion 00 one another The 65 smoofe and fee inserted ^tqw 70 are corrugated, 
stack is retained between two fixed points 5L The ends of The present invention is especially suitable for {Hodudng 
fee stack 50 arc wr^^ipcd in die wr^)ping direction around metal catalyst carrier bodies for motor vehicles in large- 
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scale mass production; the honeycomb bodies thus 
produced, because of tfaetr symmetiical design and the 
approximately involutely-extending layers, are especially 
resistant to alternating themial strains and severe mechanical 
strains. ^ 
We claim: 

1. A metal honeycomb body, comprising a jacket membci 
defining an intoior with an inner regicm and a substantially 
annular outer region surrounding said inner region, at least 
one partly structured sheet-metal str^ disposed in said lO 
intericr forming a multiplicity of sheet-metal layers as walls 
for a multifdidty of channels, said sheet-metal layers being 
wrapped around one another and extending altematingly 
back and forth along involute courses between said outer 
region and said inner region, and said sheet-metal layers is 
forming a multiplicity of loops winding about reversal lines 
in said outer region. 


2. A metal honeycomb body, conqnisbg a jacket member 
defining an interior with an inner region and a substantially 
annular region surrounding said inner region, one partly 
structured sheet-metal strip disposed in the interior forming 
a multiplicity of sheet-m^ layers with walls defining a 
mult4>licity of channels, said sheet-metal layers t>eing 
wrapped around one another and extending altematingly 
back and forth along involute courses between said outer 
region and said inner region, and said sheet-metal layers 
forming a muitq)licity of loops winding about reversal lines 
in said outer region and forming a multii^city of loops 
winding about reversal lines in said inner regioit 

3. The honeycomb body according to claim 2. wherein 
said sheet-metal strip has smooth and oarrugated regions. 
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ABSTRACT 


There is provided a process and apparatus for making, 
preferably continuously, a catalytic converter element 
or core especially adapted for the treatment of exhaust 
tcom an internal combustion engine, whether spark or 
compression ignited. The converter element may be a 
&n*fbkled or accordion folded thin metal strip or a 
spirally wound element wMch carries strongly adhered 
to the surface thereof a catalyst, eg. a noble or precious 
metal catalyst such as platinum and/or palladium and- 
/or rhodium. The metal strip entering the process is an 
aluminum coated ferritic ribbon between 0.001 and 
0.003 inches thick, and 1 inch to 30 inches wide. The 
strip is preferably annealed and perforated at predeter- 
mined intervals. Thereafter, the strip is corrugated and 
given a washcoat of a refractory metal oxide which is 
calcined onto the surface. One or more precious metal 
catalysts are supplied and dried. The strip is desirably, 
albeit optionally, creased in a manner to enable it to be 
folded back and forth upon itself, severed to size, and 
folded to build a catalytic converter element Final 
st^}s may include insertion of the catalytic converter 
element into a housing and af&dng end caps to form a 
complete unit This process provides a continuous low 
cost meax2s for making catalytic converters. 

37 ClainiSy 12 Drawing Figures 
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PROCESS FOR MAKING METAL SUBSTRATE 
CATALYTIC CONVERTER CORES 

This invention lelates to a process and apparatus for 5 
making catalytic converter cores from strip metal and in 
more particular embodiments to a continuous process 
and apparatus for making catalytic converters. The 
converter cores and converters produced in accordance 
herewith are especially adapted for use in the treatment 10 
of exhaust gases emanating &om internal combustion 
engines or industrial processes to render noxious com- 
ponents thereof harmless or to reduce the concentra- 
tions of such components to acceptable levels before 
entering the general atmosphere. 15 

BACKGROUND OF THE INVENTION AND 
PRIOR ART 

Since the middle 1970*s catalytic converters have 
been required equipment for treatment of the exhaust 20 
from internal combustion engines in vehicles. The pri- 
mary purpose of these devices is to c<mvert by catalytic 
means noxious exhaust components of .hydrocarbon 
fueled engines into harmless materials, e.g. carbon diox- 
ide, water and nitrogen, and more recently to trap and 25 
oxidize products of incomplete combustion, e.g. partic- 
ulates such as carbon frequentiy generated in annoying 
quantities by diesel powered engines. 

Up to the present time, the supports for the catalyst 
or catalysts and particulate tr^s which effect the de- 30 
sired pollution reducing effects have been made from 
ceramic materials in the form of the familiar "honey- 
comb". The inner walls of these monolithic honey- 
combs are coated \^th a precious metal catalyst, or a 
plurality of catalysts, such as platinum, palladium and- 35 
/or rhodium. 

Hot exhaust gas coming into contact with the sur- 
faces carrying the catalyst material undergoes chemical 
change to harmless materials. An early embodiment of a 
metallic catalyst carrier is described in U.S. Pat No. 40 
1,636,685 dated July 26, 1927 and issued to Downs. 
According to Downs, iron particles are treated by dip- 
ping into melted aluminum or by milling with pow- 
dered aluminum. 

In a process called caloriztng there takes place an 45 
alloying action between the aluminum and iron. The 
iron/aluminum surface provides a very satisfactory 
surface upon which to deposit catalytic materials, e.g., 
oxide catalysts such as metal of Groups V and VI of the 
Periodic Table. These structures are adapted for vapor 50 
phase catalytic oxidation of organic compounds. 

U.S. Pat No. 2,658,742 dated Nov. 10, 1953 to Suter 
et ai discloses a metallic catalyst support for removing 
harmful ingredients from exhaust streams. Platinum and 
palladium are disclosed as useful to aid in combustion of 55 
combustible materials, e.g. carbon monoxide. Stainless 
steel is disclosed as a base metal for the catalyst The 
base metal may be in the form of a wire or screen or 
other physical form. Another patent to Suter, U.S. Pat 
No. 2,720,494 dated Oct 1 1, 1955 discloses a process for 60 
the preparation of a catalytic element. Platinum or pal- 
ladium or a mixture of the two noble metals m a catalyt- 
ically active form may be used on a metallic substrate 
such as stamless steel, Nichrome or Chromel. 

Bernstein et al in U.S. Pat No, 3,773,894 disclose a 65 
metallic catalyst supported on a metallic substrate as a 
catalytic converter for internal combustion engine ex- 
haust gas. Various physical forms of the catalyst sup- 


2 

port are shown including a spiral wound screen and a 
cordierite honeycomb. 

U.S. Pat No. 3.059,326 dated Oct 23, 1962 discloses 
iron/aluminum cores having substantial oxidation resis- 
tance. 

U.S. Pat No. 3,254,966 to Bloch et al dated June 7, 
1966 discloses a structure for effecting catalytic conver- 
sion of exhaust gas streams. The catalytic element in- 
cludes a houang having spaced perforate walls, a mat of 
strand-like, all metal catalytic material filling the inte- 
rior of the housing, a plurality of relatively small perfo- 
rate containers in spaced relationship within the com- 
pact mat and surrounded by the all-metal catalytic ma- 
terial, and a filling of particulate catalyst, e.g. alumina 
spheres coated with a catalytic material of the platinum 
metal group. 

Other U.S. Patents of interest in this field include the 
patent to Brewer U.S. Pat No, 3,867.313 dated Feb. 18, 
1975 relating to an all-metal catalyst element provided 
by depositing a noble metal, e.g., platinum and/or palla- 
dium plated or deposited onto a nickel-free aluminum, 
chromium and iron alloy. The patent to Oshima U.S. 
Pat No. 3,873,472 also related to a catalytic system for 
treating exhaust gases. The base metal is an iron- 
/aluminum alloy. Before application of the catalyst, any 
aluminum oxide on the surface of the substrate is care- 
fully removed. See also U.S. Pat No, 3,903,020 dated 
Sept 2, 1975 to Sergeys et al which discloses the use of 
ceria as a stabilizer and activator for the catalyst See 
also U.S. Pat No. 3,907,708 to Lacroix dated Sept 23, 
1975 directed to a metal support a metal aluminide 
layer, and a catalytic surface layer on an alumina layer 
of the gamma or eta type. Various catalyst dement 
structures are shown. U.S. Pat Na 3,957,692 to Cairns 
et al dated May 18, 1976 discloses another method of 
preparing a catalyst by sputtering and bombarding with 
a source of energetic ions. 

VoDcer et al U.S. Pat No. 4,188,309 dated Feb. 12, 

1980 discloses various shaped catalysts utilizing a struc- 
tural reinforcing agent consisting of iron or steel, an 
iron aluminum diftusion layer and a catalyst U.S. Pat 
No. 4,300,956 dated Nov. 17, 1981 to Rosenberger et al 
discloses a convolute- wound corrugated/non-comi- 
gated metal sheet having metal-to-metal diffusion 
bonds. The unbonded surfaces are oxidized to improve 
their adhesion to the later applied catalyst 

The Retallicfc U.S. Pat No. 4,301,039 dated Nov. 17, 

1981 discloses a method of making a metal catalyst 
support in a spirally wound form whereby indentations 
in the surface will not nest together. U.S. Pat. No. 
4,318,888 dated Mar. 9, 1982 and issued to Chapman et 
al discloses a spirally wound foil structure having a 
corrugated surface and distinct catalysts on ccHifronting 
surfaces. 

U.S. Pat. No. 4,402,871 to Retallidc and issued on 
S^t 6, 1983 discloses a honeycomb catalyst support 
formed by folding a single layer of metal back and forth 
upon itself. Each layer in the honeycomb has indenta- 
tions of uniform height so that the spacing between 
layers is equal to this height A different pattern of 
indentations is used on alternate layers, and the mdenta- 
tions are on opposite sides of the strip in alternate layers. 
This structure prevents nesting of confronting layers. 

The more recent structures are made of a thin fcnitic 
stainless steel strip of the type referred to by Kilbane in 
patent application Ser. No. 74U82 filed June 4, 1985, 
and by Retallick in patent application Ser. No. 738,485 
filed May 28, 1985, corrugated and fan folded or folded 
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back and forth upon itself. The surface of the strip is FIG. 4 is a cross-sectional view of the corrugating 

provided with a catalytically active agent for dccon- roll as it appears in the plane indicated by the line 4 — 4 

taminating an exhaust gas» e.g.. the exhaust gas gener- in FIG. 3. 

ated by an internal combustion engine. Reference may FIG. 5 is a diagrammatic and schematic view of an 
also be had to Comelison patent application Ser. No. S annealing tower for annealing the stainless steel strip. 
796,710, filed Nov. 12, 1985, which discloses a catalytic FIG. <5 is a diagrammatic and schematic view in par- 
fan-folded element of the type which can be produced tial cross-section showing an apparatus for applying a 
by the present process. washcoat to the surface of the corrugated stainless steel 

Honeycombs made according to a preferred practice strip, 
of the present invention cannot telescope. These honey- 10 FIG. 7 shows a section of the corrugated steel strip in 
combs are made by folding a single strip of metal back cross-section and on enlarged scale and the relative 
and forth upon itself. The folded strip is placed in a positions of the washcoat applying spray guns, the noz- 
canister and then the folded strip is anchored in the zles thereof being shown as black dots, 
canister by a Up, a flange, or a crimp that goes around FIG. 8 is a diagrammatic and schematic cross-see- 
the periphery of the core formed from the folded strip. 15 tional view of an apparatus for the continuous applica- 
Every layer of the core is anchored individually so that tion of precious metal catalyst to the washcoated and 
there can be no telescoping. calcined stainless steel strip, and for recovery of excess 

Another method of anchoring each layer individually precious metal solution, 

is shown in U.S. patent application Ser. No. 650,085, FIG. 9 shows m partially cut-away elevation, the 

entitled ''Catalytic Converter for an Automobile**. 20 apparatus for continuously creasing the catalyst coated 

A principal object of this invention is to provide a corrugated stainless steel strip at predetermined inter- 
process for making a catalytically active core for a vals. 

catalytic converter, and in more specific aspects a con- FIG. 10 is a partially cut-away end elevation showing 

tinuous process for making such cores and ultimately the drive means for the creasing rolls shown in FIG. 9 

placing the cores so made in a suitable housing. This 25 as such means appear in the plane indicated by the line 

process has a number of advantages over the commonly 10 — 10 in FIG. 9. 

used ceramic cores: (1) the entire operation can be car- FIG. 11 is a fragmentary end view, partially cut- 
ried out at a single location instead of tv^o or more away, showing the mounting means for the motor and 
locations, (2) labor and transportation are greatly re- roll drive system, which allows for vertical movement, 
duced, (3) very wide cores (over 6" length) can be 30 FIG. 12 is a diagrammatic and schematic cross-sec- 
coated front to back and along the length of the strip tional view on an enlarged scale illustrating creasing 
uniformly, (4) cores can be selectively coated front to rolls such as those shown in FIG. 9 together with means 
back and (5) the face cross section of the catalyst can be for rotating the rolls through 180' of rotation in re- 
of any geometric configuration. sponse to means for seising a perforation through the 
^ . r^i. n.T, rr^^^^vT ^5 stainlcss steel strip and whereby creases are alternately 
BRIEF STATEMENT OF THE INVENTION created on oppo^ sides ther^f. 

^^y^.*^^V^^^''^J^'^^}^^Pl?^f°' DETAILED DESCRIFnON OF THE 

making a mctalhc catalyst support or core which com- 

prises the steps of corrugating a thin fcrritic metal strip, VliiN 1 lUM 

applying a coating of a refr^tory metal oxide to the 40 In the following detailed description, the best mode 

surface of said strip and then drying and calcining the of carrying out our invention will be described, it being 

coating. understood that certain of the steps discussed are op- 

Thereafter, a precious metal catalyst is applied to the tional and further that the steps need not necessarily be 

refractory metal oxide surfacel The coated metal strip is carried out in the order named. The locations where 

then optionally coined to form alternating fold line 45 specific operations are performed wiQ, for convenience, 

creases extending between the marginal edges of the be referred to as ''stations^, and will be identified by 

strip and located at the perforations formed therein. upper case letters throughout this disclosure. 

The coined metal strip is then gathered in a fan folded For convenience, the stations in preferred sequence 

manner to form the core. The core may then be inserted are listed and identified as follows: 

in a suitable housing to provide a catalytic converter SO Station A is an aluminum coated stainless steel strip 

especially suited for use in treating the exhaust gases supply station, 

emanating from an internal combustion engine. Altema- Station B is an annealing station, 

tively, the strip may be spirally wound to form a cata- Station C is a strip straightening station, 

lytic core member. Station D is a perforating or punching station. 

BRIEFDESCRIFnONOFlHEDRAWINGS « S | L%rSl^SSUon. 

The invention may be better understood by having Station G is a washcoat applying and calcining sta- 

reference to the annexed drawings wherein: tion. 

FIG. 1 is a diagrammatic and schematic illustration of Station H is a first catalyst applying station, 

an apparatus for the continuous production of a cata- 60 Station I is a second catalyst applying station, 

lytic converter from a coil of stainless steel all the way Station J is a third catalyst applying station, 

to a finished catalytic converter. " ' Station K is a stabilizer applying and drying-station. 

FIG. 2 is a cross-sectional view of a punch press used Station L is a strip creasing station, 

for perforating the stainless steel strip at predetermined Station M is a cut-off station, 

intervals. 65 Station N is a folding station. 

FIG. 3 is a fragmentary longitudinal cross-sectional Station O is a core insertion station, 

view of corrugating rolls for imparting non-nesting Station F is a shell application station, 

corrugations to the stainless steel strip. Station Q is an end cap welding station. 
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Station R is a final inspection station. In the apparatus shown in FIG. 1, station B mcludes 

Station S is a packaging station, a tube furnace 22 shown in a vertical attitude. It may 

Referring now in greater detail to FIG. 1, there is just as weU have been horizontally disposed. The inside 

here shown a stainless steel base metal strip 10 partially dimension of the furnace is 2" X 8" for example, which 

shown in dotted line and after creasing at station L as a 5 is adequate to accommodate a strip which is 7.5 inches 

zig-zag Ime 12. The starting material for the present wide. The furnace walls arc desirably 2 inches thick and 

process is an aluminum coated ferritic stainless steel foil have a K-factor of less than 0.1 BTU/hr-ffF. End baf- 

having a thickness of from 0.0015 inch to 0.0030 inch fles, not shown» may be used to hold heat loss to within 

and a width of from 1 .50 inch to 24.00 inches or more as acceptable linuts. 

may be desired The strip is obtained in the form of a 10 Infrared sensors, not shown, are desirably mounted 
coil 14 having an internal diameter of about 12 inches opposite quartz window ports in the sidewalls of tije 
and an outside diameter of about 24 inches. The coil 14 furnace, and sense the temperature of the strip itself 
is mounted onto the spindle of a motor driven uncoiler The sig^ial generated by the sensors is fed into a servo 
16. The strip 10 as it leaves the uncoiler 16 forms a loop system (also not shown) which controls a full wave 
mdicated at 20 on its way to the next station. The length 15 bridge rectifier, which in turn supplies variable power 
of the loop 20 controls the turning on and turning off of to the heaters to control the foil temperature to within 
the motor-driven uncoiler 16. A suitable sensor system 15" F. of the set point of the controllers. The tube fur- 
mdicated at 18 and 19, such as an electric eye or Hall nace and the controls therefor are constructed of corn- 
Effect sensor may be used to detect the length of the mercially available components and installed in a 
loop. When the loop fails to obstruct the path between 20 known manner. All of the furnaces described herein, 
sensors 18 and 19, a signal is generated that starts the and particulariy those used in stations H, I, J, and K 
motor-driven uncoiler 16 until the path between 18 and discussed below have essentially the same materials of 
19 is again obstructed, and the motor-driven uncoiler 16 construction and controls. 

is stopped. The ends of successive coils 14 are spliced or Station C is a straightening station. It is preceded by 

welded together to assure a continuous web to the pro- 25 a loop 24 much in the same manner as the loop 20 and 

cess line of FIG. 1. Commercially available uncoilers for the same purpose. The foil strip 10, as a result of 

16, sensors 18, 19 and welders (not shown) are used at processing at a rolling mill, has inherent camber which 

Station A. must be eliminated on a continuous basis at this station. 

Station B in FIG. 1 is a heat treating station for an- As received, commercially available foil typically has a 

nealmg the alummum coated stainless steel strip 10. The 30 camber of J inch to i inch in an 8 foot length measured 

aluminum coatmg may be applied by vapor deposition, against a straight edge. A camber of more than about 

sputtering, arc deposition, or by dipping the stainless ith inch in 8 feet makes an unacceptable metal substrate 

steel strip m molten aluminum at the supplier's plant, catalytic converter because the face of the finished 

and may be subsequently rolled to foil. Any of these converter cannot be made flat This, in turn, causes 

processes may be part of the process line described 35 unacceptably high compressive forces to be exerted on 

herein. As processed, the aluminum coated strip has a the edges of some of the individual folded strips as the 

shiny, mirror-like appearance and is tempered. The strip core is held in the container or can. 

is fully annealed when it reaches a temperature of 1625" The foil 10, which is usually 0.001/0.003 inch thick, 

F. The temperature must not exceed about 1700' F. to has a yield strength of approximately 60,000 pa. It can, 

avoid embrittiement due to changes in the grain struc- 40 therefore, be stretched between the shafts of a con- 

ture. It is the purpose of station B to anneal the foil 10 trolled torque drag clutch and tensioning rolls spaced 

consistentiy within the above temperature range. The apart 4 to 12 feet With a tension of 100 to 500 lbs, the 

foil 10 is annealed before the metal forming stations C, side of the strip 10 that exhibits the inward or concave 

D and E, for example, because experience has shown camber can be stretched beyond its yield point and the 

that the unannealed foil 10 has a tendency to tear, par- 45 corresponding edge made parallel relative to the oppo- 

ticulariy during the corrugating step, necessitating shut site side of the strip 10. The absence of camber assures 

down of the line that the successive accordion folds in the completed 

Heat treating of the foil 10 also causes oxidation of converter are flush with one another so that each end of 

the aluminum surface of the strip 10 to form a coating of the converter core is flat and in a plane normal to the 

aluminum oxide thereon. This oxide layer is most 50 axis of the converter. 

readily formed at a temperature between 1400** F. and Tensioning is carried out at station C with a stretcher- 

1600* F., as detailed in the aforesaid Kilbane patent leveler 26 mcluding rubber covered drag and tensioning 

appUcation Ser. No. 741,282. Moreover, tiie heat treat- rolls 20 to 30 constrained by magnetic particle clutches 

ment allows aluminum at the mterface between the (not shown) or a bridle feed at the corrugating station E 

alumin\mi coating on the stainless steel substrate to 55 described below. In the case of the stretcher leveler, the 

diffuse into the stainless steel which enhances the oxida- tensioning force is controlled by servo feedback from 

tion resistance of the substrate at the high temperatures edge guide controls at the input and output sides of the 

it will encounter in service, the latter being typically straightening station C The major pieces of equipment 

1200" F. to 2000* F. There b formed in the substrate an for either of the options mentioned above are commer- 

ironaluminide. Also, the formation of aluminides blocks 60 daily available, although the use thereof for foil 

migration of iron to the surface. An excess of iron has straightening in a continuous catalytic converter pro- 

the effect ofpoisonmg the noble metal catalysts thereby cess line is believed to be novel, 

rendering them ineffective for their intended purposes. Station D is a perforating or punching station. The 

Moreover, the heat treatment causes the aluminum station D is used to define the length of chords in the 

coating to diffuse into the stainless steel, to form a sur- 65 corrugated folded laminations in metal substrate cata- 

face having microscopic roughness. The coating of lytic converters as distmct from single or double-wound 

refractory metal oxide, e.g. activated alumina, to be spiral cores. The length of the chords is manifested by 

^plied at station G adheres well to this surface. successive hinge lines or fold creases which define a 
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fold location and enhance the ease and speed of folding. The computer is commercially available from retail 

The accordion folded or fan folded laminations made in outlets. The punch and die and the die set are also com- 

this manner form layers of mixed flow cells or channels mercially available. A magnetic drive pulley, consisting 

for the flow of exhaust gas through the core and which, of a 0.020 inch stainless sted tubular shell, 36 and 37, 

compared with the tubular cells found in ceramic mono- S mounted on two formed aluminum ends with perma- 

lith converters, enhance molecular contact between the nent magnets secured to the inside of the shell, is motor 

converter surfaces and the pulsating exhaust streams driven and continuously delivers foil to the punch unit 

from mtemal combustion engines. The laminations or Another magnetic pulley of like construction 30 pulls 

layers of the continuously corrugated foil must be held the foil through the punch unit 32 and causes a neoprene 

at the edges m order to avoid telescoping of the cata- 10 roll 40, with an encoder (not shown) on the same shaft, 

lytic medium during use due to the pulsations caused by to rotate and indicate to the computer 34 the exact 

engine operation. These pulsations tend to cause axial length of foil being fed into the punch station. This 

movement of the lamina with eventual destruction of feedback enables the computer 34 to sense the location 

the mechanical integrity of the device. of the strip and send a signal, as required by the pro- 

Any cross-section geometry of the catalyst face re- IS gram, to pimch successive holes that define the hinge 

quired for an application can be fabricated by varying lines. 

the length of the chords defining the location of succes- Station £ is the corrugating station. The details of this 

sive accordion folds as measured along the length of the station are shown in greater detail in FIGS. 3 and 4. 

strip of foil 10. The repeating pattern of chord lengths is Station E feeds and forms the foil strip 10 between 

uniqxie for each converter design and allows virtually 20 opposed rolling gears. These comigsdons can be 

any cross-sectional geometric configuration to be made. straight, chevron (ie., zig-zag) or ^uous in shape 

Thus, the cross section may be elliptical, round, rectan- across the width of the strip 10 depending upon the 

gular, triangular or irr^ular in shape as dictated by requirements of the application. When the strip is folded 

envelope restrictions in automotive and other applica- upon itself, the corrugations form channels for the flow 

tions that are space critical. 25 of gas. Whether the corrugations are straight or chev- 

The location of the perforations along the strip 10 is ron, they are always inclined to the perpendicular to the 

conveniently controlled by a computer 34 (FIG. 1). axisof the strip. Because of this inclination, the corruga- 

Computer generated signals pursuant to a program such tions in adjacent layers cross over one another and do 

as discussed below, actuate pneumatic controls and not nest together. In any case, the successive layers of 

cylinders in a punch press best shown in FIG. 2 to 30 corrugated foil form cells through which the poUutant- 

create a single 7/32 inch diameter hole, for example, at containing gas passes for contact with the catalytic 

the hinge line location of the successive accordion folds. surface of the corrugated foil 10. 

Alternatively, a series of perforations extending along a The laminations of the chevron-shaped corrugations 

line perpendicular to the margrTial edges of the strip 10 can be folded back and forth in accordion style or fan 

at program controlled intervals may be generated. Such 35 folded style to form, without nesting, "mixed flow 

perforations may desirably be 7/32 inch dia., for exam- cells". Each layer of corrugated foil is held at its edge at 

pie. When the strip is folded along the median line of the hinge line to prevent tdescoping in the pulsating 

such a series of perforations, the resulting indentations environment of use. 

are conveniently arranged for coaction with internal For use in nonpulsating applications, wound cores 
ridges or ribs in the housing to prevent telescoping of 40 can be made by folding over a predetermined length of 
the catalytic medium due to engine exhaust pulsation, as corrugated foil at its midpoint and then spirally winding 
covered in Retallick patent application Ser. No. 650,085 the pair of foils together. See Chapman U.S. Pat No. 
aed Sept 13, 1984, and Ser. No. 763,975 filed Aug. 9, 4.318,888 dated Mar. 9, 1982. Altemativdy, a flat strip 
1985, and Comelison patent application Ser. No. of foil (without corrugations, but with catalyst) and a 
796,710 fUed Nov. 12, 1985, supra. 45 corrugated strip can be wound together to form a con- 
In an alternative embodiment of this invention* the verter core. (We have made elliptical cores this way.) 
computer controller 34 may be located just prior to the The straight or chevron types of corrugations in the 
coining station L discussed below ^id the above- foil are formed between a pair of hardened straight or 
described punch operation eliminated (station D). In herringbone gear sets as will be more clearly set forth in 
this case the encoder coupled to a shaft (not shown) on SO connection with the discussion of FIGS. 3 and 4. The 
which are mounted soft supporting sponge drive rolls, gear sets are held in opposing slots in hardened steel, 
over or between which the foil 10 travels substantially high density plastic or titanium plates. One of the gear 
as shown at 30 in station C, measures the length of the sets is mounted on a drive shaft and driven at speeds 
corrugated stock, and signals the computer, which ranging from 200' to 1000 rpm as may be dictated by the 
causes the coining machinery to define by coining the 55 strip speed. The drive motor is a variable speed motor 
^propriate chord lengths between successive hinge or a pair of variable speed nK>tors mounted at opposite 
lines or fold lines. ends of the drive shaft. A variable force normally from 
An advantage to having the computer and coining one or, more desirably, two pneumatic or hydraulic 
operation at the coining station L is that the chord cylinders or electrically driven drive screws is deliv- 
length can be held more accurately because the effects 60 ered through a press frame to the hardened steel plates, 
of stretching the corrugated web at any intervening In this manner the depth of the corrugations is regulated 
stations are eliminated. and controlled until the desired corrugation height is 

In addition to the computer 34 and its software, the obtained, 

equipment at this station D desirably includes a 4 inch Gears having a contact ratio of 1.0 or shghdy less 

diameter pneumatic cylinder of low inertia and short 65 than 1.0 are best suited for use in corrugating the steel 

stroke which is fired by a signal from the computer foil 10. Reference may be had to the patent application 

pursuant to its software. This device is best shown in of William B. Retallick, Ser. No. 826,896, filed Feb. 6, 

FIG. 2 discussed bdow. 1986, for details of the corrugating gears. In a preferred 
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embodiment, the outside diameter of the gears for cor- 3CX)' F, and then a calciner operated at a temperature 

rugating the foU is about 0.5 inch. above about 800** F., e.g. 850" F. to 950' F. 

In order to increase the length of service of the gears, The coating equipment includes spray heads with 
a lubricant is used and we have found that for best 0.020 inch diameter orifices to coat a herringbone or 
results and ease of removal from the surface of the 5 zig-zag corrugated strip 10. Air delivery is 5 to 20 stan- 
corrugated strip, glycerine is a preferred material. Any dard cubic feet per minute (scfm) through each nozzle, 
suitable means for flooding the nip between the gears As shown in FIG. 6, the spray guns are located inside a 
and on both side of the stainless steel strip 10 as it spray booth fitted in a conventional manner with an 
moves between the gear sets may be used. Excess lubri- exhaust blower (not shown) to carry away any over- 
cant may be recovered, filtered, and if desired, dried, 10 spray. It has been found that best results m coadng the 
for reuse. corrugated strip are achieved when the axis of the guns 

As shown in HG. 1, after leaving the corrugatmg is normal to the flanks of Je corrugations (see FIG. 7 
station E, the now corrugated strip is reeved through a and related description). Rfjovery of overspray and 
series offixed and mov**le reels, the former being lo- res^urrymg mea^ are te^ly Provided 
cated above the latter. In the embodhnent shown in ^5 After passmg throu^the spray booth 58, the strip 10 
Iro^ fixed reels 44 are mounted for revolution ^ h^tmg tower to dry the coatmg and then on 
on^ elevated bracket 46, and three movable reels 48 mto ac^cmmgtower 62,both t^ 
uii <ui cicv«iic« u . tV ^, x^Ai^t^ K« +K» u^r,^ vertically disposed m the preferred embodunent Dry- 
are oj^ted near ^ound level mdicated by the heavy ^^akes lacTesscntiaUya^ about 250' F. to 350' Rand 

^l"^i!f''^"^'^^K/-^^'^°^° ^^^^ 20 thfcalcilg operation b carried out at a temperature 
of fixed and movable reek or puUe>^ and 48 is to ^^^^ about gOO^ r, e.g., 850' F. to 950* F. 
accommodate changes m ^ hue speed which occur washcoating operation can be done in a single 
from tmi^o-time, such as durmg the securmg of a new ^^^^^ ^ ^ ^^^^^ ^^^^ depending on the re- 
strip to the end of the piior ^p which operation re- . ^ washcoat thickness. Alternately, the initial coat- 
quires mtemq)tion of the hnc feed from tiie supply reel 25 ing can be done by any of the coating methods men- 
16. The strip 10 may contmue to be fed through the ^^^^ ^^^^^ followed or preceeded by the spray 
balance of the process Ime by the storage system gener- washcoating method 58, 59 and 60. 
any indicated at 52 during which the distance between ^ number of other means for applying the 
one or more of the movable puUeys or reels 48 and the aiunjinum oxide coating on the surface of the strip 10. 
fixed reds 44 is decreased as strip 10 is removed from ^ include brushing, rolling (as with a paint roller), 
storage in the absence of input strip 10 from the corru- dipping, electrostatic coatmg, ultrasonic spraymg, etc. 
gating station E. Several of these strip storage devices ^ spraying as described above is preferred as the most 
are used along the process Ime to allow for deviations in economical in terms of equipment and operation, 
the strip speed and will be referred to merely as sttip Alternatively, the strip 10 can be moved through an 
storage devices, it bemg understood that the operation 35 electrostatically charged fluidized bed of suspended 
thereof is essentially as described above. washcoat particles. The particles may be created by 

Station F is a lubricant removal station. In prepaia- forcing the slip through an ultrasonic nozzle for dis- 

tion for the application of a washcoat of ahiminum charge into a chamber held at a temperature sufficiently 

hydroxide or alumina slurry, the lubricant utilized in freeze the fine particles, ag., 10' F. The droplets 

station E must be removed. This is quite easily achieved 40 are kept in a fluidized state and moved into an electro- 

by running the strip 10 through a colunm heater main- static field where they are charged aiid attracted to an 

tained at a temperature sufficient to vaporize and bum oppositely-charged metal strip 10. The particles are 

off the glycerine lubricant, e.g. at about 1200* F. Glyc- attracted to and electrostatically held on the surfaces of 

erine has the advantage that it is completely decom- the strip 10, hont and back. As the strip emerges from 

posed at this temperature without smoking or charring 45 the fluidized bed and enters a drying fiimace, the pard- 

to environmentally acceptable gases, carbon dioxide oles melt and distribute themselves uniformly over the 

and steam. surfaces of the strip 10 and the washcoat is subsequently 

Station G is a washcoating station where a reladvdy calcined, 
heavy layer of aluminum oxide is coated onto the al- a principal advantage to electrostatic application of 
ready existing aluminum oxide sur£Eices of the stainless so the slip is that (1) there is no washcoat overspray waste 
steel substrate. The coating material b in the form of a and, (2) it permits inclusion in the slip or slurry of water 
sUp or slurry and contains catalyst carriers, modifying soluble low cost metal catalyst material or materials, 
agents to improve the rheology of the system and cata- without catalyst loss caused by overspray wastage, 
lyst promoter. The various components of the slip or Presently, however, air spray application is preferred, 
slurry may mclude, therefore, alpha alumma, gamma 55 After leaving the calcining tower 62, the strip 10 may 
alumina, ceria, silica, titania, zeolites and vandium oxide conveniently pass through another fixed and movable 
or mixtures thereof, all suspended in water. Suitable pulley storage system 64 which operates as above de- 
suspending agents my also be added to assist in minimiz- scribed. 

ing settling. A suitable slurry supply tank (not shown) Station H is the point where one catalyst material is 

is, of course, continuously stirred or agitated. 60 applied. Succeeding stations I and J are also provided in 

The preferred washcoat thickness has been found to the preferred process for application of catalyst material 

be between 15 and 50 microns depending on the re- to the aluminum oxide coated surface. Station K is also 

quirements of particular applications. The washcoat provided for the application of a stabilizer, ceria, from 

coating is most effective when it is uniform over the an aqueous solution of water soluble cerium salt. These 

flanks, peaks and valleys of the corrugations. This will 65 four stations are virtually identical in construction and 

be discussed in greater d^ail with reference to FIGS. 6 operation and thus, only one need be discussed in detail, 

and 7. After the application of the washcoat in a spray The washcoated surface is quite porous and absorbs 

booth, the strip 10 enters fir^ a drier operated at 200* to solutions of catalyst material readily. The objective in 
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these stations H, I, J, and K is to impregnate the wash- cined individually in the separate towers or stations H, 

coat with the solutions of catalyst to near saturation, or I, J, and K. 

incipient wetness, eg., the point where liquid just be- Following station K, where ceria or other stabilizers 

gins to run down the surface of the vertically disposed are conveniently applied, the strip 10 passes through 

strip 10, to accurately control the deposition of the 5 another continuous strip storage system 65 like that 

noble metal compounds and to maintain a record of the preceding station F (FIG. 1). This system accommo- 

amount of catalyst weight deposited on each converter dates changes in the line speed caused by subsequent 

as it passes through at each station. The str^ 10 enters operations. 

the tower 66 at its lower end and passes into a box 68 Station L, which follows the application of the cata- 

which is shown in greater detail in FIO. 8. Box 68 is lyst and stabilizer systems to the aluminum oxide coated 

fitted, as will be described below in connection with strip 10, is a coining station. The coining station L de- 

FIG. 8, with a plurality, e.g. 3 to 7 ultrasonic spray fmes the length of the chords of the finally folded cata- 

heads disposed on each side of the strip 10. Fewer spray lytic member. The length of the chords will depend 

heads may be used if the width of the strip 10 is less than upon the final geometric configuration of the catalytic 

7.5 inches. The spray heads which are commercially member. Thus, if the final configuration of the catalytic 

available, discharge by spray means, a mist of the noble member is to be in the form of a rectangular prism, each 

metal compounds platinum, palladium, rhodium, re- chord length will be the same, 

spectively, normally present in aqueous solution as Where the catalytic member is to have a cylindrical 

water soluble amines, into a substantially sealed cham- configuration, the chord lengths will vary in length 

ber 68. Chamber 68 is maintained under a vacuum of ^ substantially in accordance with successive chords of a 

0.01 inches to 1.0 inches of water. The noble metal circle. A computer may be used to determine the chord 

compounds that are sprayed into the chamber 68 are length for a wide variety of geometric configuration, 

either deposited on the strip 10 to substantially saturate Alt^natively, the configuration of the catalytic mem- 

the surface or pass the strip as overspray. The residual ber may be cylindrical or oval formed by winding in a 

condensate and overspray is collected in the chamber ^iraliform manner with or without an inner mandrel. 

68 and drawn by the vacuum means into a condenser In the latter case, the coining op^tion may be omitted, 

(not shown) and collected for recovery and recycling. One form of coining machine useful in the present 

Two scales may be used to determine the net amount process is shown in greater detail in FIGS. 9-12. The 
of noble metal deposited on the strip per unit area. 'Unit ^ coining operation is performed altcmatingly on either 
area** is the integral over time of the line velocity and side of the strip 10 so that fold creases are coined into 
strip width. A precision scale with electronic output the strip to form the zig-zag strip form 12 exiting from 
weighs the noble metal solution in the supply flask (see station L. The device shown in FIGS. 9-12 includes a 
FIG. 8) at any particular time, and another precision pair of rollers mounted on parallel axes. These rolls 
scale (not shown) weighs the noble metal compound in 3^ each have a knife edge and a resilient pad mounted 180* 
the recovery flask. The signals from the two scales are' apart Means are provided for sharply moving the rolls 
compared when they are fed into a bridge circuit or together with the strip 10 in the nip between the super- 
computer with read out and logging capability, and the imposed rolls which causes the kitife to move into the 
net oii^ut signals a servo system which governs and recent pad a distance sufSdent to crease the strip 10 at 
keeps constant the amount of coating per unit area of 4Q the point of impact Immediately thereafter, high speed 
strip. The elements of apparatus are well known and stepping motors, or a single motor and pulley system, 
conunerdally available. The rate of deposition per unit efifect rotation of the roUs 180* whereby the positions of 
area is recorded on the associated data logging equip- the knife and the pad are reversed with resq[>ect to the 
ment The net weight of solution per unit area to the side of the strip 10. The rolls are again sharply brought 
strip is a primary method of process control for each of 43 together against the strip to form an oppositely directed 
the noble metal coating stations H, I, J and K. crease or fold line and hence the zig-zag configuration 

A control to check calibration of the above instru- ' of the strip IZ The movement of the rolls together is on 

mentation contemplates cutting or punching coupons command which originates either from an electric eye 

&om a section of the finished strip, removing the noble sensing a hole punched through the strip 10 at the com- 

metals chemically, as with hot sulfuric acid, and run- 50 puter controlled punching station £ as above described 

ning a simple quantitative analysis. or from a signal from the encoder. 

The impregnated strip 10 is then dried in a tunnel Station M is a cut-off station including a knife or 

furnace 70 at a temperature in the range of from 200* F. cutter that is programmed to cut the strip 12 at the end 

to 300* F., after which calcining takes place in the upper of each series of chords as defined by the computer. A 

region of the tunnel furnace 70 at a temperature above 55 typical repeating pattern would be in the range of 5 feet 

about 400* F. to 500° F. Alternatively to strip heaters to 90 feet, depending on the cross-sectional area of the 

normally used in the tunnd furnaces described herein, core, at the end of which pattern the knife automatically 

the strip may be heated by induction heaters operating cuts the strip. Conveniently, the equipment consists of a 

directiy on the strip 10. knife and an aluminum (low inertia) die set which is 

As indicated above, stations I, J, and K are used for 60 driven on command by a low inertia pneumatic cylin- 

the application of platinum, rhodium, and cerium or der. 

other rare earth, titanium or other promoters in the Station N is a folding station. At this station the zig- 

same manner as described for station H. zag strip 12 is gathered up or folded on the hinge lines 

One of the important discoveries made herein is that impressed in the strip 12 as described above. These 

the catalytic solutions are desirably applied individually 65 hinge lines press through and eliminate the corrugations 

because of the tendency of the water soluble salts to by deforming the steel beyond its yield point, thus mak- 

interact in a manner that adversely affects the catalytic ing it relatively easy to gather up the strip and make the 

action. Thus, the catalysts should be applied and cal- accordion or &n folds. 
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A conveyor belt 72 along which the severed strip distance between the edge of the can and the center of 
travels is a convenient site from which an operator may the first strip. Thereafter, the dimensions of the can or 
gather up the strip and fold it by hand. container are entered. The number of arcs or comers is 

Alternatively, the strip can be fed mto the top of a entered, and then the data for a single segment, 
vacuum chute 74 at the bottom of which is a sliding 5 A subroutine (Gosub G) for entering arc or comer 
drawer 76 which travds to and fro and is driven by the data into a temporary matrix is provided whereby x and 
operator. Once introduced into the vacuum chamber y coordinates are entered. 

74, the strip segment 12 will be compacted one fold at a a loop is entered to capture each new arc or comer 
time until the core is entirely contained on one of the and put data about it into a temporary matrix. I>ata is 
compartments of the sliding drawer 76. 10 then entered for the next matrix. When done entering 

Stations O, P and Q are final assembly stations where the arcs or comers, the last arc or comer entered is 
the cores are first inserted into a hollow steel cylmder connected to the first. The path from the previous seg- 
or oval shell as may be desired or as dictated by the ment to the temporary matrix just entered is calculated 
folding configuration. The wall section of the primary accordmg to a subroutine (GOSUB H). 
container is conveniently 16 gauge stainless steel. In 15 Under subroutine H what can be considered a smooth 
station?, the assembly is inserted into a suitable canister ffQn, tjjg arc previously entered to the arc just 

and at station Q, end caps are welded onto each end of entered is calculated. This path, a line, is put into a 
the canister. matrix. When travding from one circular arc to another 

Station R is a fmal inspection station, and the articles th^re are many possible paths. This routine selects the 
are packaged in Station S. Stations N to S are not fur- 20 which is smoothest. If two circles intersect at a 
ther discussed herein. single point and one circle is totally contained within 

A detailed description of the previously mentioned ^^^^ desired patii wiU stay on the circumfer- 

important stations is as follows: circles. If the circles do not intersect in just 

THE COMPUTER PROGRAM „ one point, tiie smoothest path wiU not lie on the circles, 

^ but on a line connecting them. There are a maximum of 

As indicated above, the cross-sectional configura- condition that the line must 

tions of tiie catalytic cores produced herem are many intersect each circle at one point. i.e., tiie line must be 
and varied. Whether tiie cross^section is rectangular or ^ ^ ^ ^ 

square, or drcukr, or some irregular OTnfiguration ^as^the same slope as tiie circle at tiie point of interseo- 
combining straight and curved ^^^^V^?^^ ^ tion. Thus, tiie slope only gradually changes, and more 
angular havmg straight or curved sides wrth rounded ^^^^ ^he second derivative is con- 

apices, Ae catalytic .-^^^^^^^^'^^^^^ Suous everywhere on tiie figure, 

series of layers of fan folded material havmg chord dedde how many patiis are possible for a particu- 

lengths which vary or not dependmg on the cross sec- ^^^^^^ one m^t^y^^ close the cir- 
tional shape of tiie aivdope or housmg mto which tiie 35 ^ ,^7^^ how tiid^ 

coreistobemserted. u w are six cases, and routine H decides which of tiie six 

Calculation of the chord lengths can be achieved by 
a suitable computer program such as described below. applies. 

tterZ Step, tiie dSons of tiie can or canister Ouce tiie number ^ P^>^^^^^ 
are entered assuming tiie perimeter is composed of arcs 40 ^ths is k^^ 

andcomcrs.Aseachben?^S^patiifrSeprevi- ^ on how the two an:s are rotating, ^is routing 
oT^mer is calcuSS and^ of tiiis informa- incorporates tins choice. Subroudnes I. J^and L are 
^n^t into a matrix. Future versions are expected to ^ to actuaDy calcu^ ^.J^^'Z^ matrix 
accommodate figures composed of ehpses and otiier Subroutme M puts Ae calculate! temporary matrix 
Ses defined bPpolynonT^ 45 into tiie main matrix which stores data for tiie previous 

<^rds are aligned parallel to tiie y-axis, Le., verti- ar^ that have been entered, 
cally. To accon^Vhorizontal chords one may . Subroutme N ^tcs arcs tiiat are concave to tiie 

rotate tiie drawing by 90 degrees, or one may use a n^t or to tiic left. , , , ^ . 

SWAP command to switch X and y coordinates in tiie Subroutme O arc m half at (x, center), 
matrix and retitie tiie X heading as y when tiie informa- 50 Subroutine P finds tiie segments wrth mmunum and 
tion is mput (GOSUB A). maximum x vdues. 

Arcs which cross tiie horizontal line tiu^ugh tiieu: Subroutme Q proceeds tiu-ough tiie figure and calcu- 
respective centers are replaced witii multiple arcs. This lates tiie chord. The basic strategy is to start at tiie 
avoids ambiguity about whetiier tiie y value for a given minimum x value for tiie configuration and keep track 
X is above or below tiie line (GOSUB B). 55 of tiie upper and lower segments as x is incremented 

Miscellaneous data is entered related to tiie chord repeatedly until a maximum x value is reached for tiie 
geometries, such as circumference, tiiickness, bend, figure. For each increment of x, tiie y of tiie upper 
contraction, correct height and edge (GOSUB C). segment and tiic y value for tiie lower segment are 

Starting at tiie minimum x value, the program moves found and subtracted to obtain tiie chord lengtiL 
in a positive x direction Oeft to ri^t across figure). For 60 Subroutine R calculates tiie y value of a segment 
each X value, the program calculates the chord length. given x- 

For tiie current upper and lower matrix, the vertical Subroutine S totals and prints tiie chord lengtiis. 

difference between tiiem is calculated (SUB D) and tiie Subroutines relating to graphics and/or tables are 

totals updated (SUB E) (GOSUB F). tiien provided, if desired. 

The subroutines ate as follows: 65 Determination is then made in suitable subroutines to 

The first subroutine accommodates the entry of data determine if a new upper or lower segment is necessary. 

including allowance for contraction due to the impres- Calculation may then be made as to the horizontal path 

sion of corrugation, the height of the corrugation, the between ends of the chords (Subroutine T). 
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THE STRIP PUNCHING STATION 

As indicated above, station D is the punching station 
for perforating the strip at predetermined intervals as 
determined by a computer using a program like that 5 
described above. A suitable structure for a punch is 
shown in greater detail m FIG. 2, The strip 10 is shown 
entering the punch press assembly 100 from the left. 
The press assembly 100 includes a rigid frame 102 hav- 
ing an upper i^ate 104, a lower plate 106 and side posts 10 
108 and 110 Uireadedly engaged at their opposite ends 
in suitable tapped holes at the comers of the plates 104 
and 106. There are four such posts, one at each comer, 
only two being shown m FIG. 2. 

The punch asswbly, generally indicated at 112, m- 15 
eludes an air cylinder 114 mounted on the top plate 104. 
The cylinder 114 is provided with an outwardly extend- 
ing piston rod 116 secured as by threading into a suit- 
able bore (not shown) in a punch drive assembly gener- 
ally indicated at 118. The punch drive assembly 118 20 
includes an upper plate 120 and a lower plate 122 held 
m spaced relation by coil springs 124 and 126 surround- 
ing telescoping guide posts 128 and 130. 

The distal extremity of the piston rod 112 is threaded 
through a remfordng boss 132 welded to plate 120. The 23 
piston rod 112 extends through an oversized bore 134 in 
upper fixed plate 104. 

The upper movable plate 120 of the punch drive 
assembly 118 carries on its underside, mounting means 
134 for securing a punch 136. In the embodiment shown 30 
m FIG. 2, the punch 136 is of a cylindrical shape and 
punches a hole, such as the hole 138, through the strip 
10. A punch relief 140 is located on a strip supporting 
and locating block 142- suitably secured to the bottom 
plate 122 of the punch drive assembly 118, The bore 140 35 
surmounts an opening 144 through both the plate 122 
and the fixed plate 106 to allow escape of metal re- 
moved by the pimching operation. 

The strip 10 as it exits from the punch 100, passes 
through upper and lower indexing or encoding rolls 146 40 
and 148, respectively, mounted for rotation in pressur- 
ized contact with eiUier side of the strip 10. The index- 
ing roils 146 and 148 feed str^ length data into the 
computer 150 which, as indicated above, controls the 
operation of the air cylinder and the distance betwe^en 45 
holes 138. 

Instead of a single hole 138 located at predetermined 
intervals, the punch 136 may be replaced with a trans- 
versely extending punch bar having a plurality of strip 
perforating elem^ts located thereon for perforating the 50 
strip 10 at a plurality of points across the strip 10 and 
along a line perpendicular to the marginal edges of the 
strip 10. These perforations may have an oval or **race 
track" shape. At a later point in the process, the strip 
win be folded along the transverse midline of the perfo- 55 
ration or perforations. Where a plurality of perforations 
138 of **race track*' configuration are utilized, and the 
strip so folded, the perforations will form indentations 
in the catalyst element which can be utilized to coact 
with suitably located ridges in the housing of the fm- 60 
ished catalytic converter to lock the catalyst member in 
place in the housing and prevent telescoping due to the 
pulsating effect of exhaust gases eminating from an 
internal combustion engine. 

Any shape of canister from circular cross-section 65 
through oval, kidney shaped, rounded triangular, to 
rectangular, may be made by folding the strip 10 along 
transversely extending fold lines located by the perfora- 
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tions formed pursuant to a computer program such as 
outlined above. The above program enables new con- 
figurations to be designed rapidly and accurately and to 
be reproduced reliably on production equipment as 
otherwise described herein. 

THE CORRUGATING STATION 

The metal foil or strip 10 is conrugated by passing the 
foil between gears disposed on shafts, the gears being 
positioned to at least partially mesh together. In a pre- 
ferred embodiment of the invention, the gears are de- 
signed so that the foil 10, which has a thickness of about 
0.0022 inch, will not be stretched as it passes between 
the cormgating gears, and the corrugations are formed 
only by bending the foil out of the plane of the foil in 
opposite directions. It is important that the foil not be 
stretched; otherwise it may break and interrupt the 
manufacturing sequence. Torque delivered to drive the 
gears is also minimized when the foil is not stretched. 

Reference may be bad to the application of William 
B. Retallick entitied Rollers for Corrugating Metal Foil. 
Ser. No. 826,896 filed Feb. 6, 1986, for details of the 
design of the corrugating gears. 

For convenience, however, reference may be had to 
FIGS. 3 and 4 of the drawings. FIG. 3 is a fragmentary 
cross-sectional view showing the foil strip 10 in cross- 
section between opposing cormgating gears. In FIG. 3, 
there are provided upper and lower gear supporting 
housing members 160 and 162. Housing members 160 
and 162 are movable toward and away from each other 
to permit adjustment of tiie height of the cormgations, 
usually about 0.036 inch high. It is desirable to monitor 
continuously the height of the corrugations being 
formed and to adjust continuously the force applied to 
the upper housing 116 by a cylinder like 114 (FIG. 2) in 
a press like that shown also in FIG. 2. 

The upper housing member 160 is provided with a 
gear receiving groove or slot 161 and axially aligned 
bores 164 and 166 adapted to rotatibly carry the respec- 
tive ends of the drive shaft 168. The upper gear 170 is a 
unified gear structure formed of a plurality of gear 
segments (as will be discussed with respect to the driven 
gears mounted on lower driven shafr 172). The gear 
segments are relatively short (e.g. about 0.625 to 1.250 
inches long) having an outer diameter of 0.5 inch with a 
central bore 0.25 inch to 0.375 inch in diameter, adapted 
to receive shaft 168. The individual gear segments mak- 
ing up the drive gear assembly 170 are welded or brazed 
to each other at their confronting ends and to the shaft 
168 to form a unitary drive gear assembly. It will be 
noted that the gear teeth 174 of a single gear segment 
are angularly related to the gear teeth 178 of the next 
gear segment. The angular relationship defines an apex 
180 which corresponds to the end of a single gear seg- 
ment, the dividing line between such adjacent gear 
segments being obliterated by the brazing operation. It 
is the angular relationship of the teeth of the gear seg- 
ments which creates the zig-zag nonnesting configura- 
tion of the corrugations. 

The shaft 168 is driven by the projecting drive shaft 
182 of a conventional commercially available variable 
speed drive motor (not shown). 

The lower gear houang member 162 is fixed to the 
bottom shelf of a press, such as the bottom plate 106 of 
the press 102 in FIG. 2. The housing 162 is provided 
with a gear receiving slot 163 and axially ahgned bores 
184 and 186 to receive gear supporting shaft 172. The 
gear segments 188, 190, 192, 194, 196, and 198 are 
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clearly shown. The confronting and contacting surface As indicated, the coating composition is in the form 

200 between segments 188 and 190 is not soldered or of an aqueous slurry or slip which contains specific 

brazed, gear segments 188 and 190 bemg individually amounts of preferred catalyst carriers (alumina, for 

drivingly rotated on shaft 172 by the drive gear assem- example), agents to improve the rheology of the system, 

bly 170. The gear segments 18ft-198 are configured for 5 and catalyst promoters. The various components of the 

meshing engagement with die corresponding gear s^- slip or slurry may include, therefore, alpha alumina, 

ments mounted above on the driven shaft 168 with the gamma alumina, ceria, beryllia, zirconia, or gel alumina 

foil in between. One or more pressure cylinders, such as and titania, or hai&iia, vanadium pentoxide or one or 

cylinder 114 in FIG. 2, servo controlled by a sensor more metals from the lanthanum or rare earth metal 

measuring the corrugation height, may be used in a 10 groups, silica, magnesia, calcium aluminate, a zeolite or 

press frame like that shown in FIG. 2 to effect adjust- mixture of two or more thereof, all carried as a suspen- 

ment of the extent of meshing of the gears and the re- sion in water at a concentration of from 20% to 60% 

suiting height of the corrugations. Two such cylinders solids in water. Suitable suspending agents may also be 

114 axially aligned with the shafts 168 and 172 and added to assist in minimizing wetting witii or without 

independently operable and located above the extremi- mechanical agitation. 

tics of the shaft 169 have been found most satisfactory. The zeolites can be any zeolite that can be adhered to 

To Tnmtmiyp wear on the gears, a lubricant is re- the metal substrate when applied in accordance with the 

quired. It has been found that the most satisfactory washcoat procedure described herein. These zeolites 

lubricant is glycerine. The region between the drive are preferably crystalline, hydratcd, framework alumi- 

gear and the driven gears is flooded with the glycerine, ^ nosilicatcs which are based on a three-dimensional net- 

a certam amount remaining on tiie corrugated strip as it work of AIO4 and Si04 tetrahedra linked to each other 

leaves the corrugating station E. by sharing aU of tiie oxygens. These zeoUtes may be 

The configuration of the gears shown in FIG. 3 re- represented by the empirical formula: 

suits in the formation of a chevron pattern in the corru- - ..^..^ ^.^ 

gations. The gears arc driven at a speed of from 200 to ^ ^ (M2VnO.Al203^^i02.yH20, 

frrr j.^ ^ , . , rTT^ wherem M is a cation, x is generally equal to or greater 

1000 rpm as dictated by die speed of tiie strip 10. ^ ^ tetraheto are joined only to Si04 

THE LUBRICANT REMOVAL STATION tetrahedra, and n is the cation valence. The framework 

^ . ,. J . J • ji contains channels and interconnected voids which are 

As mdicated above. thed«ar^lubn«^^^ ^ ^ 

Glycerme is ^'^f » ^^f^J^ catioSs may be mobfle and exchangeable to varying 

such as sho^vn m FIG. 5. Tie stnp W aheated to a ' Ammonium and alkylam- 

temperature of abo« R b^^^ SS. cations may be incorporated in the ^Utes. 

means, e.g.stnp heaters 250 withm a suitable msulation CHaNHi+ rCHvSNH^+ rCHO<NH+. 

through Uie Tldle of Ae «>wer 2M. Temper^ b ^^^^fo, the crystallographic unit ceU as: 

monitored and controlled by suitable means mm a "'^ *^ ^ ^ *^ 

sensor 256, The temperature control means are conven- (Mxy„t(Al02)x(Si02)y]-wH20, 
tional and are not shown. 

In this station F. the glycerine is fully decomposed to 40 therein M is a cation of valence n, w is the number of 

caibon dioxide and water which are environmentally ^^^^ molecules and the ratio y/x usually has values of 

acceptable, and the strip 10 is dry and prepared for j_jqq depending upon the structure. The sum (x+y) is 

application of a wash coat of alumina in tiie next station. number of tetrahedra m the unit cell. The 

THE WASHCO ATING STATION complex within the Q represents the framework compo- 

45 sition. The zeolites described in the patent literature and 

At die washcoating station G (FIG. 1) a relatively published journals are usually designated by letter or 

heavy layer of refractory metal oxide, preferably alumi- convenient symbols. Exemplary of these materials 

num oxkie, is coated on die already formed alummum ^ Zeolite A (U.S. Pat No. 2,882.243), Zeolite X (U.S. 

oxide surfaces of die metal substrate 10. The washcoat- 2.882.244). Zeolite Y (U.S. Pat. No. 3,702,886), 

ing station, generaUy mdicated at 260 in FIG. 6. in- 50 ZeoUte ZSM-11 (U.S. Pat No. 3.709,979). and Zeolite 

eludes a spray boodi 262 having top plate 264 and a zSM-12 (U.S. Pat No. 3,832,449). These patents are 

bottom plate 266. The slots 268 and 270 are dimensioned incorporated herdn by reference, 

to permit free passage of the strip 10 along a vertically ^ typical washcoat formulation has the following 

extending path through the spray booth 260. composition: 

Suitably adjustably mounted within the spray booth 55 

260 are spray guns 272. 274, 276 and 278, for spray . 

application of a slurry of the refractory metal oxide, Caldned Almnfaia. mostly in gamma fonn 70-80% 

e.g., and aluminum oxide slurry in water. Although ^^J^jT Oxidc^ ^5^S% 

only 4 spray guns are shown in FIG. 6, a larger number — — ^ 1 

of guns may be used. It is important that the coating is 60 

applied evenly to the exposed surfaces of the strip 10. The gel alumina is usually a pseudo boehmite, AI2O3.- 

FIG. 7 shows a pair of such guns diagrammatically_ H2O, with conskierable excess water beyond the single 

indrcated by dots 280 and 282. These are located so that water of hydration. 

the corrugations 284, 286 and 288 are coated evenly on A test of dispersibility of gel alumina is made by 

both slopes 286-288 by gun 280 and 286-284 by gun 65 acidifying a 5% slurry of the gel alumina with nitric 

282. A similar arrangement is conveniently provided on acid, to a maximum of 250 milli equivalents of HNO3 

the opposite side of the strip 10 but is not shown in FIG. per 100 gm of alumina, the active slurry is sheared in a 

7. blender for 20 minutes, and then centrifuged to remove 


06/05/2003, EAST Version: 1.03.0002 


19 


4,711,009 


20 


particles longer than one microiL What is not collected 
in the centrifuge is the dispersible fraction of the alu- 
mina, and this can be as hi^ as 98%. To make a wash- 
coat slurry, the mixture of calcined alimiina, gel alu- 
mina, and ceria is ball milled with suHicient nitric acid 
to give a final pH in the range of about 4-5. The purpose 
of the gel alumina is to make the washcoat hard and 
adherent after it has been calcined. The gamma alumina 
and the ceria have no cohesive properties of their own. 

The thickness of the washcoat has a dry film thick- 
ness between about 5 and about 50 microns preferably 
between about 15 to about 40 microns depending upon 
the requirements of the particular application. The 
washcoat is most effective when it is of uniform thick- 
ness over the surface of the corrugated surface, such as 
achieved by the means shown in FIG. 7. The wash- 
coated substrate is quite porous which permits it to sorb 
solutions of catalyst material quite readily. 

After application of the wa^coat, it is first dried in a 


metals. Water soluble ammonium salts or hydroxides of 
these metals are particularly useful, for example: 

pt(NH3)4l(OHh 
[Pd(NH3)4](OH)2 
[Rh(NH3)6l(OH)3 or Rh(N03) 


The ammonium hydroxide complexes can be applied 
from a single solution. For rhodium, the nitrate is 
cheaper than the ammonium hydroxide complex, but it 
must be applied from a separate solution because the 
acidic nitrate solution would react with the basic anuno- 
nium complex solution. In a fluidized bed application, 
these catalysts may be appUed to the strip concurrently 
with the refractory metal oxide. 

Each of the catalyst application stations H, I, and J 
includes a chamber 300 such as shown in FIG. 8. The 

heated column 60 (FIG. 1) at 250- F. to 350- F. and then 20 f'^'*' ^ ^"^f '^u^^^ 
caldned in a vertiLl tube fumace « (FIG. l) at a tern- ^It^^jf ^^^.F^L^^'l^.T. 
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perature in the range of 850*" F. to 950' F. 

As indicated above, the coating is done with spray 
heads having 0.020 inch diameter orifices located to 
coat a herringbone pattern strip 7 inches wide. The 25 
required air delivery is from 5 to 20 standard cubic feet 
per minute (scfin) through each nozzle. Any suitable 
exhaust blower of conventional design (not shown) may 
be used to carry away overspray. Overspray in the 
embodiment shown in FIG. 6 is in the neighboiiiood of 30 
40% and is therefore, worthy of recovery in the mass 
production line of the present invention. 

There are a number of other methods for applying the 
alumina slurry onto the surface of the strip including 
electrostatic powder spray, electrophoretic, wet elec- 35 
trostadc airless (ginning bell), wet electrostatic air 
atomized spray and mechanical airless spray (spinning 
beU). 


THE CATALYST STATIONS 


40 


As indicated the calcined washcoated surface is po- 
rous and absorbs the liquid phase noble metal catalyst 
compositions readily. The objectives of the catalyst 
stations H, I, and J are (1) to impregnate in and/or 
deposit the washcoat solutions of compounds to near to 45 
saturation or incipient wetness (Le., the point where the 
spray applied liquid just starts to run down the verti- 
cally moving strip 10, (2) to eliminate waste of the metal 
compounds and (3) to record the deposition wdght of 
the noble metals per unit length of the strip for^ultimate 50 
calculation of the weight of noble metal catalyst in each 
catalytic converter unit. The catalytic metal that is 
impregnated and/or deposited on the washcoat is se- 
lected from palladium, platinum, nickel, copper, silver, 
prasseodymum, vanadium, etc., depends on the chemi- 55 
cal conversion sought For internal combustion engine 
exhaust conversion, the metals are palladium, platinum, 
and rhodiiun with or without cerium, and mixtures of 
two or more of said metals of the available catalytic 
metals the noble or precious metals are preferred. 60 

The compounds of the catalyst metals listed above 
that are disolved in the solution that is applied to the 
washcoat can be any water or alcohol soluble com- 
pound including but not limited to the oxides, hydrox- 
ides, inorganic salts, (e.g. nitrates, phosphates, halides, 65 
carbonates, silicates, aluminates, etc.) and organic salts, 
(e.g. amine salts, organic carboxylic acid salts, such as 
acetates, formates, butyrates, b^izylates, etc.) of said 


spray heads 304, 306, 308, and 310. Although only two 
spray heads, such as 304 and 306i, and shown on one side 
of the corrugated strip 10, as many as 4 to 8 or more 
may be supphed for each side of the strip 10. These 
ultrasonic spray heads 304, 306, 308, and 310 discharge 
a mist of the noble metal compounds, e.g. platinum 
(station H), palladium (station V) and rhodium (station 
J). Desirably, these metals axe present in aqueous solu- 
tion in the fonn of water soluble salts at a concentration 
of from 0.5% to 5.0% by weight calculated as the metal. 
The chamber 302 is desirably transparent. It is provided 
with slots 312 and 314 for exit and entry, respectively, 
of the corrugated strip 10. Chamber 300 is maintained 
under reduced pressure, e.g. 0.01 to 1.0 inch of water. 

The chamber 302 is also desirably provided with a 
downwardly outwardly sloped bottom surface 316 to 
aid in directing overspray and fogged solution to the 
outer lower edges 318 and 320 where the excess solu- 
tion is collected and removed by vacuum through fit- 
tmgs 322 and 324. The fittings 322 and 324 are con- 
nected to conduits 326 and 328, respectively, and lead 
into a collection and condensing chamber 330 main- 
tained under reduced pressure by vacuum pump 33Z 
The condensate from condenser 330 is collected as a 
liquid in receiver 334 for recycle to the storage tanks 
(not shown) which are conventional and supply the 
ultrasonic spray guns, such as guns 304, 306, 308, and 
310. The vacuum in the condensate recovery system is 
maintained at from 2 to 20 inches of water. 

Catalyst applying stations H, I, and J are for conve- 
nience identical. After application of the catalyst solu- 
tion in each station, the strip is dried in a tunnd fumace 
at a temperature in the range of 200' to 300° F., and then 
the strip is passed through a vertical fumace or heater 
where the temperature of the surface of the strip is 
elevated to from 850" F. to 950° F., whereby the noble 
metal is released as the zero valent metal uniformly 
deposited on the washcoated surface. The catalyst ma- 
terials are deposited desirably singly and in sequence 
although pluiul application of catalyst metals from the 
same aqueous solution may be carried out albeit not as 
effectively. Moreover, the width of the catalyst applica- 
tion may desirably be less than the width of the metal 
strip leaving, for example one edge of the strip substan- 
tially catalyst free. Materials which tend to poison the 
noble metal catalysts tend to collect on the upstream or 
leading edges of the catalyst support core due to the 
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high absorptive nature of the calcined refractory metai 
oxide coating thereon. This will prolong the effective 
life of the <»talyst core by trapping catalyst poisons 
before they contaminate the balance of the core. 

Station K is a station similar in construction and oper- 5 
ation to the catalyst stations H I, and J for applying a 
stabilizer, e.g. ceria also from as aqueous solution of a 
water soluble salt Drying and calcining operations as 
above described are performed in this station. 

10 

THE COINING STATION 

Station L (FIG. 1) is the coining station. FIGS. 9-12 
show in greater detail the principal components of the 
station. The coining station L defines the length of the 
chords by making a hinge line or fold line at the begin- 15 
ning of each chord. The length of these chords and the 
reason for them has been described above. 

Referring now more particularly to FIGS. 9-12, 
there are here shown components of the coining station. 
FIG. 9 shows in a partially cut away plan view ^para- 20 
tus for creasing the strip 10 at predetermined intervals. 
Creasing or coining is effected by passing the strip 10 
through the nip 400 between rolls 402 and 404 shown in 
end view m FIG. 12. There is provided a suitable press 
frame generally indicated at 406 and including a fixed 25 
bottom plate 408 of rectangular configuration, and side 
posts (four in number) one at each comer, eg. posts 410 
and 412, and a top plate 414 suitably secured to the posts 
at the comers. Mounted on the top plate 414 is an air 
cylinder, or solenoid operated drive 416, an inner mov- 30 
able plate 418 is provided for movement in a vertical 
direction along the comer posts, e.g. posts 410 and 412. 
The drive 416 is intermittently operated by the com- 
puter 420 in response to signals received from an elec- 
tric beam source 422 and a sensor 424 coacting there- 35 
with. When a perforation 423 (or 138 in FIG. 2) permits 
a beam 425 to pass through the strip 10, the computer 
420, or other suitable indexing device 420, is triggered 
in response to the signal received from the sensor 424. 

The drive 416 is provided with a plunger 426 thread- 40 
edly aigaged through a tapped hole 428 in the center of 
movable plate 418. Movement of the plate 418 through 
a short stroke effects the coining operation as explained 
below. 

As indicated above, coining is acconq)lished by pass- 45 
ing the strip 10 between a pair of coining rolls 402 and 
404. The upper roll 402 is supported for rotation about 
its axle 430 by brackets 432 and 434 at opposite end of 
the axle 430. Brackets 432 and 434 are secured to mov- 
able plate 418 by any suitable means, eg., threaded 50 
fasteners or by welding, and move upwardly and down- 
wardly with the movable plate 418. Roll 402 and 404 
are supported in pillow blocks 436 and 438. Roll 404 is 
fixed in the pillow blocks 436 and 438 against vertical 
displacement albeit joumalled for rotation about its axle 55 
437 in suitable bearings (not shown). 

The upper roll 402 is movable in the pillow blocks 
436 and 438. The shaft 430 passes through movable 
bearings 440 and 442 which are mounted for vertical 
displacement in slots 444 and 446, respectively, (see 60 
FIG. 11). Thus, upper roll 402 is movable vertically 
relative to roll 404. 

As shown m FIGS. 9 and 10, the rolls 402 and 404 are 
driven by a stei^ing motor 448 stationarily mounted in 
the frame 406 and set for 180 degrees of rotation. Motor 65 
448 is fitted with a sprocket 450 mounted on the drive 
shaft 452. Suitable sprockets 454 and 456 are mounted 
on the shafts 437 and 430 of rolls 404 and 402. respec- 


tively. A chain 458 is reeved relative to sprockets 450, 
454 and 456 and shown in FIG. 10 so that both rolls 404 
and 402 rotate through 180 degrees in the same direc- 
tion in response to the 180 degree steps of the stepping 
motor 448. 

As best shown in FIG. 12, the rolls 402 and 404 are 
each provided with a projecting knife edge, e.g., knife 
edges 458 and 460, respectively. Diametrically opposite 
the knife edges 458 and 460, there is embedded in the 
surface of each roll 402 and 404, a resihent pad or anvil 
e.g. pads 462 and 464. Pads 462 and 464 are desirable 
formed of polyurethane having a resilience of from 50 
to 60 durometer. The pads 462 and 464 are desirably 
about 0.0625" thick and recessed an equivalent amount 
in suitable recesses 468 and 470 milled into the surfaces 
of the roils 402 and 404, respectively, and coextensive in 
length with the knife edges 458 and 460. Pads 462 and 
464 are conveniently i inch to 3/16 inch thick and about 
i inch to 1 inch wide. 

As best shown in FIG. 12, when the air cylinder 416 
is actuated pursuant to a signal received from the com- 
puter 420, the upper roll 402 with its knife edge 458 in 
confit)nting relation to the strip 10, is sharply driven 
downwardly against the surface of the strip 10 and, 
because of the resilience of the pad 464 in lower fixed 
roll 404, penetrates in the pad 464 a distance sufficient to 
exceed the elastic limit of the metal strip 10 and cause a 
crease to be formed in the strip 10. Coining is done with 
at most only momentary stopping of the movement of 
the metal strip 10. When this operation is terminated, 
the stepping motor 448 quickly rotates both rolls 402 
and 404 through 180 degrees. On the succeeding signal 
directing the rolls 402 and 404 toward each other, the 
knife edge 460 on the lower roll 404 will contact the 
bottom of the strip 10 and move a short distance into the 
resihent pad 462 above the strip causing an oppositely 
directed crease to be formed in the strip 10. 

The strip 10 with the zig-zag configuration is now 
identified by the number 12 (FIG. 1). 

Instead of the anvils and knives being located 180* 
apart, other angular displacements thereof may be used, 
e.g. alternating knives and anvils being related by 90* 
instead of 180". 

THE CUT OFF STATION 

The cut-off station M is arranged to coact with the 
computer 34 (FIG. 1) to operate a low inertia knife and 
slot cutter at a point determined by the computer. 

The length of the strip segment will be that which 
when fan-folded along each of the creases formed in 
station L will provide a catalytic core member having 
the proper geometric configuration in cross-section. 

THE FOLDING STATION 

The operation of fan-folding the strip segment may be 
done by hand. Alternatively, the strip segment can be 
fed to the top of a vacuum chute (Station N. m FIG. 1) 
at the bottom which is a shding drawer 76 that alterna- 
tively moves in a direction that accommodates the folds 
and which is driven by the operator. Once mcroduced 
into the chamber, the strip segment will be pulled by the 
vacuum downwardly, one fold at a time until the entire 
core is formed and contained in the drawer 76. 

THE FINAL ASSEMBLY 

Station O is where the now compacted core is in- 
serted into a suitable shell, such as that described in 
Comelison's copending application Ser. No. 760,498 
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filed July 30, 1985, The end caps for the housing are 
then secured at Station P and Q by welding. The struc- 
ture is inspectied at station R and packaged at Station S. 
The core may also be made quite long, e.g. 10 to 30 
inches, and folded or spirally wound for (1) insertion in S 
an exhaust pipe 1.5 to 6 inches in diameter and provided 
with suitable detents to prevent axial movement of the 
core, or (2) to serve in a dual capacity as a catalytic 
converter and muffler. 

In the final product, the density of the catalytic metal 1^ 
or metals is generally in the range of from 5 to 100 
grams per cubic foot of the fan-folded catalyst support 
structure, and preferably from about 10 to 50 
grams/ft^. These media generally contain from 30 to 
600 cells/sq. inch. 

There has thus been provided a continuous process 
and process line for the febrication of a continuous web 
of ferritic stainless steel to make metal substrate catalyst 
cores and catalytic converters utilizing such cores. 
Other modes of carrying out the principles of the pre*- 
ent invention may be employed, change being made as 
regards the details of construction, the mode of opera- 
tion and the order in which the steps are performed 
without departing firom the spirit of this invention as set 
forth in the following claims. 

What is claimed is: 

1. A process for making a metal catalyst support core 
for a catalytic converter from a continuous metal strip, 
comprising the steps of: 

(a) corrugating ^e metal strips, 

(b) depositing at least one catalyst material on the 
corrugated metal strip, 

(c) impressing fold lines on alternate ades of the strip 
along the entke length thereof, the fold lines ex- 3^ 
tending transversely of the strip, and 

(d) folding and gathering the strip along the fold lines 
impressed in step (c) to form a fan-folded metal 
catalyst support core. 

2. The process of clam 1, further comprising the step 40 
of perforating the metal strip at predetermined intervals 
such that the strip when folded along a line extending 
through the perforations, will have a desired cross-sec- 
tional sh^>e. 

3. A process as defined in claim 2 wherein said strip is 45 
perforated at predetermined uniform intervals. 

4. A process as defined m claim 2 wherein said strip is 
perforated at chordal intervals for folding to fit a circu- 
lar shell. 

5. The process of claim 1, wherein a coating step is 50 
performed after the corrugating step, and wherein the 
coating step comprises the steps of applying a coating 
which can be impregnated with a catalyst, and impreg- 
nating the coating with catalyst 

6. The process of claim 5, further comprising the step 55 
of regulating the amount of catalyst deposited per unit 
area of the strip. 

7. The process of claim 1, wherein the metal strip is 
severed immediately before or after the folding step to 
provide a section of the strip, and wherein the severed 60 
section, when folded in a zig-zag maimer, forms the 
desired shape catalyst support. 

8. The process of claim 1, wherein the corrugating 
step is preceded by the step of annealing the strip. 

9. A process for making a metaUic catalyst support or 65 
core in a continuous manner which comprises tiie steps 
of: 

(a) Corrugating a thin ferritic metal strip, 
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(b) Perforating said ferritic metal strip at predeter- 
mined intervals, 

(c) Applying a coating to at least one surface of said 
strip which coating is adapted to be impregnated 
with at least one precious metal catalyst, 

(d) Applying a precious metal catalyst to said refrac- 
tory metal oxide surface, 

(e) Coining said ferritic metal strip to form alternating 
fold lines transversely of said strip, said fold lines 
being located at the perforations formed in said 
ferritic metal strip and on opposite sides of said 
strip and, 

(0 Gathering said coined strip to form a fan-folded 
catalyst body. 

10. A process as defined in claim 9, wherein step (c) 
is applying a coating of re&actory metal oxide to the 
surface of said strip and calcining said strip at a tempera- 
ture above about 800" F. for a period of time sufficient 
to adhere said refractory metal oxide to the ferritic 
metal strip. 

11. A process as defined in claim 10 wherein the 
ferritic metal strip is calorized. 

12. A process as defined in claim 11 wherem the 
ferritic metal strip is annealed prior to corrugating. 

13. A process as defined in claim 12, wherein the strip 
is aimealed at a temperature of from about 1400" F. to 
about 1700" F. 

14. A process as defined in claim 9 wherein the coat- 
ing includes a refractory metal oxide. 

15. A process as defined in claim 10 wherein the 
refiractory metal oxide is aluminum oxide. 

16. A process as defined in claim 9 wherein said coat- 
ing of refractory metal oxide is spray applied as an 
aqueous slurry. 

17. A process as defined in claim 9 wherdn said re- 
fractory metal oxide coating is applied by electrostatic 
means by passing the corrugated strip through a fluid- 
ized bed of suspended particles comprised of any one or 
a combination of alumina, ceria, titania, silica, calcium 
aluminate, or other refractory metal oxide. 

18. A process as defined in claim 17 wherein the 
suspended alumina particles are generated from an 
aqueous slurry and" frozen prior to entry into an electro- 
static field. 

19. A process as defmed m claim 9 wherein the coat- 
ing is formed from a mixture of refractory metal oxides. 

20. A process as defined in claim 19 in which the 
mixture is formed of alumina and ceria in a ratio of 9:1 
to 3:1. 

2L A process as defined in claim 9 in which the pre- 
cious metal catalyst is apptied from an aqueous solution. 

22. A process as defined in claim 21 in which the 
precious metal catalyst is spray applied. 

23. A process as defined in claim 9 in which the pre- 
cious metal catalyst is mixed with the metal oxides of 
claim 9 and applied electrostatically in a fiuidized bed. 

24. A process as defined in claim 9 in which a plural- 
ity of precious metal catalysts are applied to the coated 
surface in sequence or mixed. 

25. A process as defined in claim 9 in which the metal 
catalyst comprises palladium. 

26. A process as defined in claim 9 in which the metal 
catalyst comprises platinum. 

27. A process as defined in claim 9 in which the metal 
catalyst comprises rhodium. 

28. A process as defined in claim 9 in which the metal 
catalyst consists essentially of platinum, palladium and 
rhodium. 
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29. A process as defined in claim 9 wherein the strip 
is coined for fan folding by passing between a pair of 
rolls each having an axially extending anvil surface and 
an axially extending fold line forming edge, said anvil ^ 
surface and said edge being angularly related, rotating 
said rolls to alternately present an anvil surface and an 
edge to said strip, and causing said rolls to contact said 
strip with sufficient force to indent the metal strip on 
alternate sides of the strip at predetermined intervals. 10 

30. A process as defined in claim 29 wherein the anvil 
and the edge on each roll are 180' apart and said for 
each predetermined interval said rolls are rotated 180". 

31. A process as defined in claim 29 wherein the anvil 
surface is resilient 

32. A process as defined in clafan 31 wherem the anvil 
surface is a polyurethane pad extending longitudinally 
of said roll. 

33. A process as defined in claim 9 wherein the prede- 20 
tennined intervals are determined by computer soft- 
ware. 

34. A process as defined in claim 9 in which the coat- 
ing is formed of: 


Calcined alumina (ganuna) 70-80% 
Gel alumina 15-20% 
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-continued 

Cerium Oxide 5-25% 


35. A process as defined in claim 9 in which the pre- 
cious metal catalyst is mixed with the metal oxides of 
claim 9 and is applied by dipping. 

36. A process as defined in claim 9 wherein the coat- 
ing contains zirconia. 

37. A process for making a metallic catalyst support 
or core in a continuous manner which comprises the 
steps of: 

a. corrugating a thin ferritic metal strip, 

b. applying a thin coating of refractory metal oxide to 
at least one surface of said strip which coating is 
adapted to be impregnated willi at least one pre- 
cious metal catalyst, 

c applying at least one precious metal catalyst to said 
refractory metal oxide surface, 

d. . coining said ferritic metal strip to form alternating 

fold lines transversely of said strip at predeter- 
mined intervals on opposite sides along the entire 
length of said strip, 

e. severing a predetermined length of said coined thin 
metal strip, and 

f. gathering said severed length of coined thin metal 
strip to form a fen-folded catalyst body. 

***** 
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